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General introduction and aims o f this thesis
Structure and function of bone
Bone is a dynamic and well-organized tissue that carries the mechanical forces 
during movement and has an important role in the endocrine homeostasis of 
calcium  levels in blood . The matrix of bone tissue consists m ainly o f type I 
collagen and contains a number of bone specific non-collagenous proteins 
(e.g. osteopontin, osteonectin, bone Gla-protein) . The matrix of bone is highly 
organised and is under non-patho log ica l cond itions m inera lized in most 
locations , . A number o f specific cell types are involved in the continuous 
active adaptation of bone to applied load; pre-osteoblasts in the periosteum of 
bone may differentiate into active osteoblasts in response to an appropriate 
mechanical signal . Osteoblasts are bone fo rm ing  polygonal m ononuclear 
cells, arrayed in lines along the bone surface. Osteoblasts synthesize osteoid 
(bone m atrix) w h ich  m ain ly  consists o f type I collagen and other non- 
collagenous proteins present in the matrix .
During bone form ation  a number o f osteoblasts are embedded in the 
new ly synthesized m atrix, they change in form  and then stop to produce 
matrix. These inactive osteoblasts are called osteocytes. They have extensive 
cell processes, which project through the cannaliculi and establish contact w ith 
adjacent osteocytes. After sensing load, osteocytes can send chemical signal 
molecules to the osteoblasts on the surface to stim ulate new bone 
production  , , . It has been suggested that the consequence o f the loss of 
osteocytes may be a breakdown in the system that senses fatigue microfractures 
and in the pathways signalling cells to initiate repair , . Osteoclasts are m ulti- 
nuclear cells form ed by fusion o f hem opoie tic m ononuclear stem cells. 
Osteoclasts are located in pits in regions of bone resorption called Howship's 
lacunae. Osteoclasts bind to the bone surface through cell attachment proteins 
called integrins. They resorb bone by isolating an area o f bone under the ruffled 
border inside the region of the cell attachment. The osteoclasts then lower the 
pH of the local environment by production of hydrogen ions, which increases 
the so lubility  of the apatite crystals where-after the organic components o f the 
matrix are hydrolyzed . It is interesting that the signalling of hormones involved 
in ca lc ium  homeostasis is partly mediated by osteoblasts. Osteoblasts have 
receptors for V it-D  and PTH and 'instruct' the osteoclasts to become active. 
Receptors for calcitonin are located on the osteoclasts . The different cell types 
present in bone guarantee its unique repair and regeneration capacity in 
addition to the important function o f bone as a load bearing structure.
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Etiology of osteonecrosis
Osteonecrosis is a condition in bone in which a disturbance o f circulation has 
induced cell death of all bone and marrow cells. The organic and inorganic 
matrices of the structural components o f bone are in itia lly  not affected. Dead 
bone refers to dead cells, including osteocytes and usually including the cells 
o f the hem atopoietic and fatty m arrow contents . It particu la rly  affects the 
skeletal system o f young patients between the ages of twenty and forty years . 
Osteonecrosis can be very local or can occur in more locations in the skeleton. 
The most frequent affected location is the epiphysis o f the anterosuperior 
segment of the hip jo in t. Other affected jo in ts can be the femoral condyles, the 
proxim al humerus and the talus although every other epiphysis can be 
affected . When in itia lly  the articular cartilage o f the compromised bone is not 
affected, the necrotic subchondral bone may later on be the cause o f a 
condition in which eventually a total destruction of the jo in t takes place.
The aetiology o f osteonecrosis of the hip can be divided in a traumatic and 
non-traum atic orig in  o f the disease. Traumatic osteonecrosis results from  a 
d irect mechanical in terruption o f vascular supply to the hip jo in t by e.g. a 
fracture o f the neck of the proximal femur, a traumatic dislocation of the hip. . , 19
jo in t or a vascular trauma .
In non-traumatic osteonecrosis, several risk factors and other diseases may 
be involved in the induction of the disease. In many cases not one specific risk
factor can be identified and then it should be considered as a m ulti-factorial
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disease . For non-traumatic osteonecrosis the fo llow ing  risk factors have been 
identified: e.g., Caisson disease, chemotherapy, thalassemia, sickle cell disease, 
hyperlipidemia, radiation, nephrotic syndrome, Gaucher's disease and HIV20. 
The highest incidence of osteonecrosis is in patients that use high doses of 
corticosteroids or abuse alcohol .
O f all patients w ith non-traumatic osteonecrosis, 28-52% is related to23 24 25
the use of corticosteroids ' . In multifocal osteonecrosis, this percentage is 91 % .
In corticosteroid induced osteonecrosis, the amount of the daily dose is 
probably the major predictor of the risk of developing osteonecrosis. Every 10 
mg/day increase in oral steroids dosage during the first 6 months of treatment 
leads to a 4.6%  increased risk of developing osteonecrosis. Bolus therapy of 
steroids has a lower risk of causing osteonecrosis. Patients who received high 
doses o f corticostero ids fo r longer periods o f tim e, because o f renal 
transplantation, developed osteonecrosis 1 to 1.6 years after starting corticosteroid 
treatment. For patients receiving corticosteroids in the treatment of systemic 
lupus erythomatosus, this time period is 3.4 to 5.5 years after starting steroid
treatment26.
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The incidence of patients developing osteonecrosis after renal transplantation 
has recently decreased by the use of tacrolimus w ith  relatively lower dosages of 
corticostero ids as immunosuppressive drug instead o f high dosages of 
corticosteroids and cyclosporin A .
Many data are published about the mechanisms of corticosteroid therapy 
on the musculoskeletal system. Corticosteroids may affect the vascular system 
in several ways; e.g., elevating blood pressure, increasing atherosclerosis, 
inducing vascular in jury and endothelial cell damage .
In a study where rabbits were treated w ith  high doses o f cortisone, the 
cortisone caused an increase in the serum cholesterol, fatty metamorphosis of 
the liver and fat emboli. These emboli caused microvascular occlusions in the 
subchondral vessels of particular the femoral and humeral heads. In addition 
the size of the marrow fat cells increased more than 10 micrometers, possibly 
increasing tissue pressure and decrease perfusion . In a sim ilar study in which 
mice were treated w ith glucocorticoids, an increase was observed in apoptosis 
of osteoblasts and osteocytes . In chickens treated w ith  dexamethason, cloned 
p luripotential cells differentiated into adipocytes and expressed a fat specific 
gene, whereas expression of type I collagen and osteocalcin mRNA decreased . 
If chickens were treated w ith  a combination of steroids and Lovastatin (lip id 
lowering drug), they showed no osteonecrosis and less adipogenesis, suggesting 
Lovastatin may be helpful in preventing the developm ent o f corticostero id 
induced osteonecrosis .
Pathogenesis
In all incidences o f osteonecrosis, the c ircu la tion  w ith in  the vessels is 
compromised. It is clear that there is a relationship between mechanical disruption 
of the vessels associated with a traumatic event and the induction of osteonecrosis. 
D ifferent mechanisms may be involved in the non-traumatic pathogenesis of 
osteonecrosis, w h ich  has not been com ple te ly  e lucidated in all cases. 
Osteonecrosis may result from a direct cytotoxic effect to the bone cells caused 
by chemotherapy related necrosis and thermal overheating .
A number of different theories propose a major role of the status of the 
vascularity in the onset of osteonecrosis. These theories can be subdivided in an 
occlusion of the arterial vessels, in jury to or pressure on the arterial wall and 
occlusion to the venous outflow  vessels.
Arterial occlusion can arise from the embolization of the microvasculature32
by c ircu la ting  fat , by diseased cells (sickle cell disease), by gas bubbles 
(dysbaric exposure) or by intravascular coagulation during th rom boph ilia  or 
hypofibrinolysis .
13
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In jury to an intact arterial vessel wall can be caused by damage w ith in  the wall 
as in vasculitis or radiation in ju ry  . The extravascular mechanism can be 
expla ined by an increased pressure on m icro-vessels w ith in  the bony 
compartment caused by edema, lipocyte hypertrophy or an increased number 
of lipocytes . The increased intraosseous pressure results in a decreased blood 
flow. If in a closed system the venous outflow  is compromised by any of the 
described mechanisms in such a way that the venous pressure exceeds arterial 
pressure, circulation to the cells w ill be compromised .
If a su ffic ien t co lla tera l c ircu la tion  is present at sites where blood 
circulation is compromised cells remain viable. As this varies from site to site, 
it is like ly  that on ly  cells in certa in locations are susceptible to becom ing
nonviable20.
A ll above described mechanisms w ill result in a necrotic medullar tissue,
20
necrotic small blood vessels, dead osteocytes and empty trabecular lacunae . 
Histologically, necrosis can be identified by haematoxylin and eosin stain, by a 
lack haematoxylin staining o f nuclei and after longer periods by the empty 
osteocytes lacunae. It has been assumed that cell death is caused by necrosis, 
but there is also recent evidence that cell death may be a consequence of 
apoptosis . Osteocyte apoptosis is suggested to be d irec tly  related to 
g lucocorticoid therapy, however this remains to be proven .
Once a necrotic area in a cortico-cancellous bone exists, a process of 
hyperaemia and revascularization from the vascularized part o f the bone is 
induced, probably initiated by growth factors (e.g. vascular endothelial growth 
factor, VEGF) released from apoptotic cells (osteocytes) . Repair is initiated 
along the outer perim eter o f the avascular segment, at the junc tion  o f the 
ischem ic zone surrounding the dead area and the viab le  area w ith  intact 
circulation.
After new vessels have penetrated the necrotic area, a process of creeping 
substitution starts . This process is in itia lly  characterized by revascularization 
and new bone formation overlying necrotic trabeculae. Primitive mesenchymal 
cells accompany the vessels and differentiate into osteoblasts and osteoclasts, 
like ly  by stim ulation of several cytokines released from  the necrotic bone . 
Focal haemorrhages may occur in the reparative margin of the infarction. Dead 
trabeculae are partially or completely resorbed by osteoclasts and are replaced 
or covered by new appositional bone on the scaffo ld ing o f the necrotic 
trabeculae, resulting in thickened reinforced trabeculae . At the transition of 
vital and necrotic tissue, sclerotic areas o f dense fibrous tissue and sclerotic 
bone may be formed which then m ight act as a barrier for further penetration of 
new blood vessels, reconstitution o f the marrow elements and the transport of
14
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the cytokines into the necrotic area . Complete healing of the osteonecrotic 
lesion may sometimes occur, depending upon the size and location o f the 
lesion. However, more generally this process o f revita lisa tion stops. The 
mechanisms involved are still unknown.
During neovascularisation necrotic bone is broken down by osteoclasts 
and new bone is formed on the necrotic remnants of the trabeculae. In itia lly  
necrotic bone has s im ila r m echanical properties as v ita l bone since 
osteonecrosis only affects the cells and structurally the bone remains intact. 
N ew ly formed young bone has only 50%  o f the mechanical strength o f the 
original matured trabecular matrix . Consequently the new mixture o f bone 
has less mechanical properties compared to the non-invaded necrotic bone. 
Particularly during the revascularization phase the subchondral bone seems at 
risk. Increased bone density at the front of revascularisation results in a stress 
riser at its junc tion  w ith  the adjacent avascular bone . Shear-induced 
m icrofractures o f the previously necrotic trabeculae at the supero-lateral 
chondro-osseous junc tion  m ight result from  impulse loading, resulting in a 
fracture line, the crescent sign, signifying a separation of the subchondral plate 
from the underlying supporting cancellous bone . The resulting mismatch in 
contour o f the femoral head w ith  the acetabulum  w ill inev itab ly  result in 
degenerative changes of the cartilage of the femoral head and the acetabulum.
Clinical diagnosis
Patients w ith  osteonecrosis o f the femoral head usually present w ith  a 
throbbing, deep groin pain and occasionally w ith  interm ittent buttock pain. The 
pain typ ica lly  is associated w ith  movement and weight-bearing, although pain 
can continue at rest. Usually, pain is of gradual onset although it can appear 
suddenly. Physical examination shows lim ited internal rotation of the hip in 
both extension and flexion.
The initial study m odality is X-ray imaging which can demonstrate subtle 
and advanced stages of osteonecrosis; osteolysis, osteosclerosis, the crescent 
sign fo llowed by subchondral collapse and fina lly  degenerative changes of the 
jo in t in the final stage o f the disease.
To confirm  a suspected c lin ical diagnosis of osteonecrosis, magnetic resonance 
imaging (MRI) is the gold standard especia lly in the early pre-rad io log ica l 
stages of the disease when plain radiographs show no abnormalities. The most 
com m on appearance is a geographic subchondral lesion o f variable signal 
intensity ou tlined  by a low  signal rim  on T1-weighted images along the 
anterosuperior aspect of the femoral head . A more specific sign is the double 
line sign that is comprised o f an outer low -in tensity rim and an inner high-
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intensity band on T2-weighted images. The high signal intensity zone like ly  
represents an area o f hyperaemia and granulation tissue at the interface 
between viable and nonviable bone42.
Bone scintigraphy has a low  sensitivity for diagnosing sym ptom atic 
osteonecrosis and is not useful as a diagnostic or screening tool for this disease. 
Sensitiv ity is pa rticu la rly  low  in early-stage lesions o f osteonecrosis. Bone 
scintigraphy is also less sensitive for joints other than the hip. Bone scintigraphy 
is therefore not suitable to use as a screening tool in m ultifocal osteonecrosis, 
where diagnosing the disease in an early stage and in other joints than the hip 
is the main goal .
Classification
Different classification systems have been described in literature to distinguish 
the different stages o f osteonecrosis. According to the classification system of 
the Committee on Terminology and Classification of the Association Research 
C irculation Osseous (ARCO), osteonecrosis can be divided in 5 stages w ith a 
subdivision of location and size o f the osteonecrotic lesion .
Stage 0 indicates a painful hip in a patient who has either one or more risk 
factors for osteonecrosis or who has a proven osteonecrosis on the contralateral 
side. Stage 1 is characterized by a decrease in signal intensity of the necrotic 
area on T-1 weighted MRI scans. No changes are seen on plain X-rays. In stage 
2, subtle signs o f osteosclerosis and focal porosis can be identified  in the 
subchondral region on pla in  X-rays, w itho u t evidence o f a subchondral 
fracture. MRI is more sensitive as imaging m odality in this stage. Stage 3 is 
subdivided in early and late, according to Steinberg . Stage 3 early shows a 
crescent sign (subchondral fracture) w itho u t collapse or fla tten ing  o f the 
femoral head. Stage 3 late indicates a collapse present on the plain X-ray w ith 
flattening of the articular surface of the femoral head or a clear collapse. In the 
final stage, stage 4, there is osteoarthritis o f the jo in t w ith  accompanying jo in t 
space narrowing, acetabular changes and fina lly  destruction of the jo in t.
O ther common used classification systems include those described by46 47 48
Marcus and co-authors , Steinberg and associates , Ficat and Arlet , and the49
classification system of Ohzono and associates .
In general, every c lassifica tion system has a separation between the 
"early" stages before a collapse of the femoral head develops and the "la te" 
stages when collapse and subsequent secondary degenerative changes of the 
jo in t surface are already present. This subdivision seems to be o f crucia l 
importance, particularly for the outcome after treatment of osteonecrosis.
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ARCO c lass ifica tion  system  o f os teonecros is  o f  the  fem ora l head
3 Early 3 Late 4
Findings All present 
techniques normal 
or NONdiagnostic
X-Ray & CT normal. 
At least ONE of the 
below is positive
NO CRESENT SIGN 
X-Ray abnormal: 
sclerosis, lysis, 
focal porosis
CRESCENT SIGN ! 
NO flattening of 
Femoral Head 
NO Collapse !
CRESCENT SIGN ! 
Femoral Head shows 
Flattening 
COLLAPSE !
OSTEOARTHRITIS 
joint space narrowing 
acetabular changes 
joint destruction
Techniques X-Ray
CT
Scintigraphy
MRI
X-Ray 
Scintigraphy 
MRI
* Quantitate size on MRI
X-Ray, CT 
Scintigraphy 
MRI
* Quantitate size on 
MRI & X-Ray or CT
* Quantitate size on 
X-Ray or CT
* Quantitate size on 
X-Ray or CT
X-Ray ONLY !
Stage 0
X-Ray, CT ONLY X-Ray, CT ONLY
Treatment
W ith o u t specific  treatment, osteonecrosis usually leads to collapse and 
secondary osteoarthritis o f the femoral head . After collapse the jo in t w ill 
rap id ly  deteriorate and a total hip arthroplasty is inevitab le, an unwanted 
situation, particu la rly  in the younger more active patient group. Numerous 
interventions have been developed to preserve the femoral head by pharmaca 
and surgical procedures. Femoral head-preserving treatments should slow  
down or even prevent the progress of collapse and degenerative changes and at 
least postpone and not hamper the final treatment w ith  a total hip arthroplasty.
Pharmacological interventions
Raised lip id  levels in the blood caused by prolonged high dose corticosteroid 
treatment for i.e. systemic lupus erythomatosus, can cause osteonecrosis by 
intravascular obstruction. Lipid lowering drugs can reduce lip id  levels in the 
blood and could have a prophylactic effect for this group o f patients , .
Glueck and associates describe the role of thrombosis in osteonecrosis, 
caused by disorders in the coagulation cascade by hypofibrino lys is  or 
th rom boph ilia  . The use o f anticoagulants in patients w ith  disorders of 
hypofibrino lysis or th rom boph ilia  could prevent the onset or progression of 
osteonecrosis .
The rationale for adjunctive biphosphonate therapy for adolescents 
w ith  femoral head osteonecrosis is that it may decrease osteoclastic resorption 
of necrotic bone and a llow  revascularization and promote bone formation to 
occur before there is collapse of the femoral head. Alendronate could prevent
17
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fu rther detoria tion o f the necrosis in the femoral head, reduce pain and 
eventually postpone the need for a total hip arthroplasty , . Although smaller 
studies exist and show promising results, none of these have addressed the best 
dosing regimen, duration o f treatm ent and delay in the prevention of 
progression o f the disease. Furthermore, systemic adverse effects, e.g. 
osteonecrosis o f the jaw  caused by biphosphonate use , need to be 
considered.
Surgical treatments
Core decompression was introduced by Hungerford58 and Ficat and A rle t48 
who used this technique as diagnostic method to analyse histological changes 
in osteonecrotic femoral heads. It appeared to be therapeutic, possibly by 
d im in ish ing  the bone m arrow  pressure and stim ula tion  o f vascularization. 
M any reports have been published regarding th is treatm ent m oda lity  of 
osteonecrosis of the femoral head w ith  an excellent review by M ont and co-59
authors . It can be stated that the best results can be achieved in osteonecrotic 
hips w ith  pre-collapsed lesions that involve less than 30% of the femoral head, 
achieving an overall result of 70% at fo llow -up periods from 2 to 10 years . 
Adding demineralised or decalcified bone m atrix to core decompression in 
stage 3 osteonecrotic lesions resulted in more successful outcomes than core 
decompression alone . For patients w ith  more advanced stages of 
osteonecrosis or patients using high_ doses of corticosteroids success rates of 
core decompression are low er , . Traditional core decompression is 
performed by creating a core tract from 8 to 12 mm depending on the diameter 
o f the patients femur. A recently developed technique o f perform ing core 
decompression is m ultip le  d rilling  where 3.2mm Steinmann pins are used. This 
procedure is supposed to be more straightforward w ith  less surgical 
com plications, a lower m orb id ity  and a lower rate of collapse compared to 
traditional core decompression . The current opinion however is that stage 3 
and 4 disease is a contraindication for the use of core decompression .
In 1972 Sugioka introduced the transtrochanteric rotational osteotomy , 
a method by which the necrotic segment of the femoral head is rotated, out of 
the weight-bearing area of the acetabulum. The purpose of this procedure is to 
prevent progression o f collapse and to slow  down the process o f secondary 
degenerative changes. A lthough prom ising c lin ica l results were achieved by 
Sugioka et al , w ith  a success rate of 78% after 3-16 years o f fo llow -up, these 
data could not be reproduced by studies from  European and Am erican 
surgeons . It is not clear whether these authors fo llowed the original Sugioka 
technique and after treatment protocol.
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Subchondral bone support
Nonvascularized bone grafting is a procedure introduced by Phemister70 using a 
cortica l strut graft to f il l a core tract and support the necrotic segment and 
subchondral plate. The long-term results are less than satisfactory . Another 
approach is a trapdoor technique, in w hich a w ind ow  is made through the 
cartilage of the femoral head, the necrotic bone is removed and the cavity is 
filled w ith  bone graft . This trapdoor technique can also be combined w ith  an 
osteotomy . The technique of filling  the necrotic femoral head w ith  cancellous 
bone graft has been presented before. This was combined w ith an arthrotomy of 
the hip, a trapdoor through the articular cartilage or w ith  a w indow  in the neck. 
The results of the trapdoor technique through the cartilage and filling  of the head 
were favourable. Meyers et al , used fresh autogenous grafts and osteochondral 
allografts for the treatment of segmental collapse in osteonecrosis of the hip. The 
overall c lin ical success rate in this study is 68%. There are some disadvantages; 
before surgery an arthroscopy of the hip is performed to evaluate the quality of 
the hyaline cartilage, a suitable donor for allotransplant must be identified, the 
allograft must be harvested w ith in  12 hours of death and must be accomplished 
w ith in  72 hours o f death to the donor. The size o f the donor head must be 
essentially the same as that o f the rec ip ient and the technique is 
contraindicated when secondary arthritis is present. In 1994, Rosenwasser et 
al presented the results of the lightbulb procedure in which cancellous bone 
grafts are impacted in the femoral head via a defect made at the head-neck 
junction. Thirteen of fifteen patients, w ith  Ficat and Arlet Stage 2 and Stage 3 
(ARCO Stage 2 and Stage 3 early and late), were asymptomatic at a mean of 12 
years, but the number of patients w ith  preoperative collapse is 5 of the 15 
patients and the extent of preoperative collapse seems to be lim ited.
Core decompression can be combined w ith  vascularized grafts from the 
fibula or iliac crest. The application of vascularized grafts , is successful if 
done before subchondral collapse . However, this technique requires 
demanding technical expertise, time, expense and restricted weight bearing for 
6 to 12 months . It also gives significant donorsite m orbid ity .
Total Hip Arthroplasty
THA as treatment m odality in patients w ith  osteonecrosis did in itia lly  show 
disappointing long-term results. Several causes are mentioned inc lud ing  the 
relative youth of patients, their long life expectancy, the inferior quality of bone 
w ith  d ifferent tissue response and persistent defects in bone m ineral, 19,82-85
metabolism .
Especially when performed in hips w ith  advanced stages of osteonecrosis and
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patients under 30 years, total hip replacement in general showed disappointing 
results . Failure rates were four times higher than the same procedure 
performed in osteoarthritic hips . Newer cementing techniques and second 
generation uncemented components improved these results remarkably and 
more durable bearing surfaces might possibly further improve the longevity of 
this procedure , . The uncemented acetabular components have high failure 
rates because o f osteolysis and polyethylene wear . In patients w ith  
osteonecrosis of the femoral head proxim ally porous-coated, anatomic, press­
fit  stems provide excellent long-term  results . Hem iresurfacing (femoral 
resurfacing) and b ipolar arthroplasty have shown dramatic results w ith  high 
revision rates and insuffic ient pain relief. Recent studies of total resurfacing 
techniques for patients w ith  osteonecrosis of the femoral head have been 
described w ith 92% survival after 5 years of fo llow -up93.
A ims of this  thesis
The aim of this thesis is to evaluate a selected number of treatment modalities 
for osteonecrosis of the hip and knee in different stages o f the disease. After 
these animal and patient studies a more tailored advise w ill be presented for 
treatment strategies for patients in different stages o f osteonecrosis.
In Chapter 2, the outcome of the transtrochanteric osteotomy according 
to Sugioka was studied. The purpose of this prospective, single-surgeon study 
was to investigate the outcome of the Sugioka osteotomy in Caucasian patients 
w ith  osteonecrosis o f the hip, strictly fo llow ing  the original surgical procedure 
and postoperative protocol.
In Chapter 3 an adaptation of the Bone Impaction Grafting technique was 
studied. This technique was o rig ina lly  developed for the restoration of bone 
defects associated w ith  failed hip implants, but is now applied to treat patients 
w ith  early and advanced stages o f osteonecrosis. The clin ical and radiological 
outcom e and the effect o f the treatm ent on progression o f collapse and 
subsequent osteoarthritis w ill be discussed.
In Chapter 4 the clin ical and radiological outcome of the Bone Impaction 
Grafting technique used for the restoration of the necrotic femoral condyles in 
a small group o f patients w ith  secondary osteonecrosis o f the knee due to 
corticosteroid use is studied.
In Chapter 5 the effectiveness o f adding a calcium phosphate cement to 
impacted morsellized cancellous bone grafts on the process of incorporation 
and rem odelling into new trabecular bone was studied in a critical sized defect 
model in the goat.
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In Chapter 6 the results of failed treatment for osteonecrosis resulting in a Total 
H ip  A rthroplasty is studied. In this chapter tw o groups o f patients w ill be 
compared; a group that underw ent a TH A after a fa iled transtrochanteric 
rotational osteotomy according to Sugioka and a group that underwent a THA 
after failed Bone Impaction Grafting for osteonecrosis o f the femoral head. The 
c lin ica l and radio logical outcome and com plications w ill be presented and 
discussed.
In the general discussion we w ill consider our findings in a broader 
perspective. We w ill compare our results to results of published treatment options 
and recommend an algorithm  for diagnosis and treatment of specific patient 
categories.
21
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A bstract
The transtrochanteric rotational osteotomy described by Sugioka is used to 
preserve the femoral head and to prevent secondary osteoarthritis in young 
patients w ith  osteonecrosis of the femoral head. Several Japanese studies have 
shown favourable results, but European and Am erican studies were 
disappointing. An explanation fo r these outcomes may be that the original 
protocol was not fo llowed exactly. The objective o f our study was to investigate 
this trans-trochanteric rotational osteotomy in Caucasian patients w ith  
osteonecrosis in which we fo llowed the original method of Sugioka as close as 
possible, including a 6-month period of non-weight bearing. We included 26 
hips in 22 consecutive patients who were fo llowed up for 8.7 (range, 6.6-10) 
years. A t review, 17 hips had been converted to total hip arthroplasty. The 
clin ical survival rate was 56% after 7 years (95% CI 36-76%). The radiological 
survival rate was 54% after one year (95% CI 35-73%). Even after excluding the 
failures due to problems w ith  osteosynthesis and infection, the results were not 
satisfactory and the osteoarthritic process was not delayed. Based on our results 
we cannot recommend this technique as an alternative for total hip arthroplasty 
in Caucasians.
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I n tr o d u c tio n
In view  of the poor long-term survival of prosthetic hip replacement in younger 
patients w ith  avascular necrosis o f the femoral head6, an operation that 
preserves the femoral head is still highly desirable. In 1 972, Sugioka introduced 
the transtrochanteric rotational osteotomy20. Although promising c lin ical results 
were achieved by Sugioka et al.23. These could not be reproduced in American 
and European studies1,3,4,9,11,13-15,17,24. A serious drawback of most of these 
studies is, however, that the orig inal protocol o f Sugioka was not fo llow ed 
precisely. Therefore, we decided to perform the Sugioka osteotomy in a lim ited 
number o f young patients using a prospective, single-surgeon study. The 
purpose was to investigate the outcome of the Sugioka osteotomy in Caucasian 
patients w ith  osteonecrosis of the hip strictly fo llow ing  the original surgical 
procedure and post-operative protocol. The perform ing surgeon (JWMG) was 
instructed in the procedure by Sugioka in 1992. In the operation, we tried to 
achieve an intact ratio of the femoral head in the weight-bearing area of at least 
one-th ird22 and fo llowed the original post-operative protocol20.
Patients a n d  m ethods
From September 1992 to February 1997, a transtrochanteric rotational osteotomy 
was performed in 22 consecutive patients (26 hips) (Table 1). We were able to 
follow-up all patients for a mean of 8.7 (6.6-10) years. All patients were treated by 
the same surgeon (JWMG). The diagnosis of osteonecrosis of the femoral head was 
based on plain X-rays, 99mTc-scanning and MRI scanning. The hips were graded 
using the staging system of ARCO5. However, according to Steinberg et al.18, Stage 
3 was subdivided into "early," w ithout collapse of the femoral head and "late," 
w ith collapse of the femoral head. One hip was classified as stage 2BC, six as stage 
2CC, two as early Stage 3CC, 16 as late stage 3CC, and one as late stage 3CB.
Surgical technique
The modified O lliers' skin incision and posterior approach were used to expose 
the hip jo in t. The greater trochanter was osteotomized and the quadratus femoris 
muscle was partially split to locate and secure the medial circum flex femoral 
artery. The femoral head was subluxed and inspected to ensure that the intended 
rotation and varus positioning was sufficient to place the necrotic lesion out of 
the w eight-bearing area. The osteotomies were made perpendicular to the 
femoral neck, carefully preserving the vascular pedicle. After internal fixation of 
the osteotomy, the capsule was loosely approximated w ith  a few sutures.
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Total (n = 22)
Male:female 15:7
Number of hips 26 hips (four patients bilateral)
Left:right 14:12
Age at time of Sugioka 31.5 years (range, 22-49 years)
Rotation
Anterior 22 hips
-rotation 94° (range, 90-118°)
-varisation 11° (range 0-30°)
Posterior 4 hips
-rotation 118° (range, 90-130°)
-varisation 16° (range, 10-20°)
Cause of osteonecrosis
Corticosteroids 13 hips
Posttraumatic 5 hips
Idiopathic 8 hips
Length 1.78 m (range, 1.67-1.87 m)
Weight 77 kg (range, 57-110 kg)
Table 1. P a tien t c h a ra c te r is tic s
Rehabilitation
Postoperatively, all patients were kept in bed for 6 weeks, and rotation in the hips 
was not allowed. W alking w ith  crutches, non-weight bearing was started eight 
weeks postoperatively, and full weight bearing was permitted after six months.
Follow-up
All patient were fo llow ed up c lin ica lly  and w ith  serial radiographs. Pre- and 
post-operative range of motion, Harris H ip Score (HHS)7, and plain radiography 
(antero-posterior and true lateral) were assessed. The ratio of the intact area of 
the femoral head in the w eight-bearing area was measured according to 
Sugioka et al.21 (Figure 1). Any collapse and progressive degenerative changes 
in the new weight-bearing area were registered. We used the Kellgren-system12 
for assessment of osteoarthritic changes.
A result was considered clin ical satisfactorily if the HHS was greater than 
70. If the HHS was below 70 or if the patient had a total hip replacement (THR), 
we considered the result as a c lin ical failure. Radiographic failure was defined 
as progression of collapse, progressive degenerative osteoarthritic changes, or 
conversion to a THR.
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Figure 1. M e a s u re m e n t o f  th e  p o s to p e ra t iv e , 
in ta c t  ra t io  in  th e  w e ig h t -b e a r in g  a rea : in ta c t 
ra tio  =  C -N  /  W -W '
Statistical analysis
The time to c lin ical and radiological progression was studied using the Kaplan­
M eier estimators. Patients who underwent re-operation because o f im plant 
failure or infection, fina lly  resulting in conversion to a THR, were considered as 
failures at the time o f re-operation. The generalized W ilcoxon test was used to 
test differences in progression between the groups for statistical significance. 
The 7-years' progression after index surgery for c lin ical failure and the 1-year's 
progression after index surgery o f radiological failure, w ith  95%  confidence 
interval, is presented. At that time, at least half o f the subjects were still under 
study. Fisher's exact test was used to test differences between the groups for 
statistical significance in case of 2x2 tables.
Results
Clinical results
The average operating time was 3.9 (3,3-5) h; the average blood loss was 1,528 
(750-3,000) cc, and the average hospital stay was 24 (12-53) days. At review, 
the Sugioka osteotomy was still intact in only nine hips. Seventeen hips were 
converted to a THR; tw o o f these hips fa iled because o f cu lture-proven 
infections. In 15 hips, a THR was performed at an average of 4.5 (0.8-10.1) 
years. The conversion was due to failure of the internal fixation in two cases, 
non-union o f the osteotomy in one, and progressive secondary osteoarthritis in 
12. The mean fo llow -up of the nine hips that were still intact at review was 8.7 
(6.6-10) years. Seven hips were rated c lin ica lly  as excellent or good, and two 
were rated as fair. Their average preoperative HHS was 60 (32-93) points and 
postoperatively 87 (76-97) points.
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The total preoperative range o f m otion o f the treated hips was 223°; the 
postoperative range of motion was 210°.
Taking conversion to THR for any reason or HHS below  70 as endpoint, 
the clin ical survival rate using the Kaplan-Meier analysis was 56%  after 7 years 
(95% CI 36-76%) (Figure 2). W ith  increasing patient age at time of surgery, we 
found a tendency to increasing c lin ical survival (p=0.09, W ilcoxon test). The 
patients' use o f corticostero ids considered as a possible risk factor for 
developm ent o f osteonecrosis did not s ign ifican tly  in fluence the c lin ica l 
survival (p=0.50, W ilcoxon test).
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Figure 2. K a p la n -M e ie r cu rve  show s 
the  c l in ic a l s u rv iva l rate (so lid  line ) 
and the  ra d io lo g ic a l s u rv iva l rate 
(dashed line).
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Radiological results
All patients had a complete radiological fo llow-up. In 17 hips, we saw a pre­
operative collapse. In 25 hips, the postoperative ratio o f intact articular surface 
according to Sugioka was larger than one in three. After exclusion of two cases 
that failed due to infection, a progressive collapse of the femoral head was seen 
in 13/24 hips (54%) after a mean fo llow -up  o f 28 months. Pre-operatively, 
osteoarthritic changes were found in 19/24 hips, and progression at fo llow -up 
was seen in 19/24 hips; only one hip showed no signs of osteoarthritis (Figure 3). 
The overall radiographic fa ilu re  rate was 88%. Taking conversion to THR, 
progression of collapse of the femoral head, or progression of osteoarthritis as
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endpoints, the rad io log ica l survival rate fo r patients w itho u t pre-operative 
collapse was 89%  after 1 year (95% CI 68-100% ). For patients w ith  pre­
operative collapse, the survival rate was 35% after 1 year (95% CI 13-58%), 
and they had a s ign ifican tly  higher p robab ility  o f deve loping rad io log ica l 
failure (p= 0.01, W ilcoxon test)
Patients w ith  pre-operative collapse had a significantly higher probability 
(p=0.028, Fisher's exact test) of developing a Kellgren score of 3 or 4. A pre­
operative collapse existed in 15 of 24 hips, o f which seven were converted. The 
rem aining eight had narrow ing o f the jo in t space, and their mean Kellgren 
score was 3,6. O f nine hips w ithout preoperative collapse, five were converted 
due to progressive osteoarthritis. However, the four rem aining hips had no 
joint-space narrowing and their mean Kellgren score was 1.3.
Figure 3a. A  3 0 -ye a r-o ld  m an w ith  a late  A R C O  stage 3CC  
p reo p e ra tive  o s te o a rth ritis  (K e llg ren  stage 3)
Figure 3b. C o rre c t a lig n m e n t 6 w e e ks  p o s to p e ra tiv e ly ; a 
d y n a m ic  h ip  s c re w  w as  used fo r  os teosyn thes is . Large 
osteophytes as a sign o f progressive seconda ry  osteoarth ritis  
are a lre a d y  v is ib le .
Figure 3c. A t 3 years  and  7 m o n th s  p o s to p e ra tiv e ly , a 
c o lla p se  o f the  fe m o ra l neck  w as seen, w ith  lo o se n in g  o f 
the  o s te o n e c ro tic  area th a t w as ro ta ted  a n te rio r ly , a large 
osteophyte in the w e ig h t-b e a rin g  area, and severe secondary 
o s te o a rth ritis  (K e llg ren  stage 4).
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Complications
There were eight re-operations due to problems w ith  internal fixation. In the 
first seven, we used stainless steel cannulated screws, w ith one re-operation for 
screw breakage. In the next ten hips, we used titanium  screws. We saw one hip 
w ith  screw breakage and one w ith  varus displacement. In the last nine, we used 
a special dynamic hip screw. One failed due to infection, two had non-union of 
the greater trochanter necessitating surgical repair and one suffered a traumatic 
femoral fracture located distal to the consolidated osteotomy.
D iscussion
The purpose of our study was to prove that the Sugioka osteotomy would give 
satisfactory results in young Caucasian patients w ith  osteonecrosis o f the 
femoral head if surgical technique and after-treatment w ith  a period of at least 
six months o f non-weight bearing were fo llowed very accurately. Therefore, the 
surgeon who performed the operations was trained and instructed in Japan by 
the orig inator of the technique. However, despite this, the c lin ica l outcome 
after 8.7 years was only acceptable in one third of the patients. We were thus 
unable to reproduce the promising clin ical results achieved by Sugioka et al.23 
(Table 2).
A part of our disappointing results m ight be explained by patient selection. 
Sugano et a l.19 stated that the procedure should be performed only in stages 
before a collapse of the femoral head had become evident. In our study, 17 hips 
had already a collapse. Indeed, the radiological survival rate was significantly 
better in patients w ithou t a preoperative collapse. The technique in Caucasian 
patients was found more demanding, probably due to the different dimensions 
o f the hip and the larger body size and w eight o f the patients compared to 
Japanese patients. Screw fixation proved to be not strong enough. We started 
out w ith  cannulated screws but experienced breakage. We also tried both 
stainless steel and titan ium  screws. In tw o cases using titan ium  screws, 
progressive varus deform ity and breakage occurred. This problem has also been 
observed by others3,11,13,24. Next, we tried fixation w ith  a dynamic hip screw 
preoperatively bent from 135° to 120°. Although we had the impression that the 
fixation was solid, it was very d ifficu lt to achieve the required varus positioning. 
Recently, Chen et al.2 demonstrated that fixation only w ith  screws resulted in 
higher stress values in the proxim al femur compared w ith  the dynam ic hip 
screw. Maybe dynamic hip screws specially designed to a llow  a varisation of 
the osteotomy can solve some of these problems.
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Reference Year of 
Publication
Number of 
hips
Follow-up in 
months
Excellent or 
good result
Time until full 
Weightbearing 
in months
Sugioka 1978 41 30 88 6
Kotz 1981 17 25 59 4-6
Sugioka 1982 128 24-108 77 6
Sugioka 1984 158 24-132 77 6
Tooke 1986 18 18-63 22 6
Saito 1988 15 24 33 4-6
Kinnard 1988 10 21-36 70 1.5
Eyb 1990 46 103 26 2-4
Sugano 1992 41 76 56 12
Sugioka 1992 195 36-192 78 6
Dean 1993 18 57 18 Until consolidation
Belal 1996 7 80 0 Until consolidation
Langlais 1997 18 60 56 1.5-3 (if pain free)
Iwasada 1997 48 55 62 4
Inao 1999 14 131 43 6
Hisatome 2003 25 77 80 ?
This Study 2004 26 104 27 6
Table 2. Results o f  tra n s tro c h a n te r ic  ro ta tio n a l o s te o to m y  a c c o rd in g  to  the  lite ra tu re .
Radiographically, the deterioration of the hip joints was neither prevented 
nor delayed, which was a disappointing observation. At an average fo llo w  up of
8.7 years, 88% of our cases showed radiographic signs of degeneration.
Some authors a ttributed the d isappoin ting  results to a large area of 
osteonecrosis in the w eight-bearing area. M iyanisch i et a l.16 stated that to 
prevent progressive collapse over a period of ten years, a postoperative, intact 
ratio of the femoral head in the weight-bearing area of at least 34% is needed. 
This was, however, not a prognostic factor for our patients. In 25 hips, the post­
operative intact ratio was above 33%. Excluding the two cases that failed due 
to infection, 15 of 24 (63%) needed prosthetic hip replacement. This result does 
not match the result of M iyanishi et a l.16. Inao et a l.9 and Hisatome et a l.8 stated 
that in the presence of preoperative collapse, optim al postoperative jo in t 
alignment never seems to be achieved, resulting in early secondary osteoarthritis. 
In hips w ithout THR at fo llow -up, we found a post-operative osteoarthritis score
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o f 1.3 in hips w itho u t pre-operative collapse and o f 3.6 in those w ith  pre­
operative collapse. This is in agreement w ith  the assertion of Inao et a l.9 and 
Hisatome et a l.8.
The prevalence o f hip osteoarthritis differs in Japanese and Western 
populations, possible because of different acetabular shape10,25. From all our 
THRs, 71% were for secondary osteoarthritis. Progression of osteoarthritis was 
also observed in Japanese studies8,9,11,17,23 but was more lim ited than in studies 
w ith  Caucasian patients and did not lead to THR. Despite instruction by the 
orig ina l author, fo llo w in g  his p rinc ipa l o f having at least one-th ird  o f the 
femoral head intact in the weight-bearing area, and carefully abiding by the 
original after-treatment protocol of non weight-bearing for 6 months, we did 
not achieve the same results as Sugioka, and we were not able to delay 
secondary osteoarthritis. Furthermore, we should add that THR in a patient 
w ith  a previous Sugioka osteotomy is more d ifficu lt and influences the outcome.
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Chapter 3
A bstract
Even in extensive osteonecrosis o f the femoral head in younger patients, a 
femoral head-preserving method is preferable. We developed a new technique 
using the lateral approach as used in traditional core biopsy; the osteonecrotic 
lesion was removed and impacted bone grafts were used to regain sphericity 
and prevent collapse. In this prospective one surgeon study, we included 28 
consecutive hips in 27 patients w ith  extensive osteonecrotic lesions (ARCO 
classification Stage 2 [11 hips], Stage 3 [14 hips], and Stage 4 [three hips]); 14 
hips had preoperative collapse. The mean age o f the patients was 33 years 
(range, 15-55 years). At a mean fo llow up of 42 months (range, 24-119 months), 
eight hips (29%) were converted to a total hip Arthroplasty (THA). O f the 20 
reconstructions that were in situ, 18 were c lin ica lly  successful (90%) and 70% 
were rad io log ica lly  successful. Patients who were younger than 30 years at 
surgery had a rad io log ica lly s ign ificantly better outcome, even patients w ith  
higher stages of osteonecrosis. Patients w ith  preoperative collapse and use of 
corticosteroids had disappointing results. This method is attractive as a salvage 
procedure, is re lative ly simple and quick, and it does not interfere w ith  an 
eventual future hip arthroplasty.
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Introduction
Even in extensive ON of the femoral head in younger patients, a femoral head- 
preserving method is preferable. A hip replacement in these young patients is not 
attractive and is associated w ith  inferior long-term outcomes. Femoral head- 
preserving treatments should slow down or even prevent the progress of collapse 
and degenerative changes and at least postpone the final treatment w ith a THA. 
In the ideal situation, cure of the disease should be possible.
Several head-preserving treatments of O N o f the femoral head have been. . . . .  . . 2,8,24,35 . . .4,7,1 5,24,32 ,
described, such as core decompression, vascularized and. . .3,1 7,20,23,29 . , . . . 5,10,37
nonvascularized bone grafting, and d iffe ren t osteotomies.
However, many of the described techniques are associated w ith  good outcomes 
for femoral heads w ith  lim ited involvement, but most femoral head-preserving 
operations are not effective enough to prevent failure in patients w ith  moderate 
or severe collapse o f the femoral head. , Some of these techniques also are 
te chn ica lly  very dem anding and donor side m orb id ity  can be a serious 
problem. Another disadvantage o f extensive surgery in an attempt to save the 
femoral head, is that a future hip arthroplasty can be hampered.
During the past 20 years, the orthopaedic department at our institution has 
developed the technique of bone impaction grafting using morsellized fresh- 
frozen substantial trabecular bone chips to repair bone deficiencies in revision 
arthroplasties. The in itia l and secondary stability  o f these reconstructions is30, 31
sufficient and satisfying long-term clinical results can be obtained. ' Histologic 
evaluation showed that graft incorporation is almost always complete. Because 
of these satisfying results of bone impaction grafting in revision THA, we adapted 
this technique for the treatment of patients w ith early and advanced stages of ON.
The surgical technique we developed is sim ple. We used the lateral 
approach through the femoral neck as used in doing a traditional core biopsy, 
the diameter of our d rilling  canal was, however, more extensive. For histologic 
analyses, we first took a central core biopsy. Next, through the same canal, the 
osteonecrotic lesions were removed using high-speed drills under fluoroscopic 
contro l. The femoral head then was filled  w ith  impacted m orsellized bone 
autografts and allografts, to maintain or to regain the sphericity and to improve 
the mechanical properties of the femoral dome.
This study w ill address the next questions: is this a simple, reproducible, and 
safe technique? W ill it improve the clinical outcome for the patient? Can this 
technique be used in femoral heads with ON with and without a collapse? Is a repair 
of a collapse achievable? Can this method prevent ongoing arthrosis of the hip joint? 
and in case of failures, does this method not hamper the implantation of a THA?
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M aterials a n d  m ethods
From October 1992 to April 2000, 28 consecutive hips (27 patients) w ith  an 
extensive osteonecrotic lesion o f the femoral head were treated w ith the bone 
im paction grafting technique. A ll patients were informed about this new 
technique, but because the current study was done in the authors' country, 
informed consent was not required. The average age o f the 27 patients (21 
males and six females) was 33 years (range, 15-55 years). The diagnosis of ON 
prim arily was made on the basis of the clin ical history and AP and true lateral 
radiographs. In all cases the final diagnosis, quantification, and location of the 
lesion were determined by MRI, except in two patients (two hips) in whom CT 
scans were used. The presumed risk factors included the use of steroids in 10 
hips, excessive intake of alcohol in four hips and a hereditary hyperlipidem ia in 
one hip. In five hips, there was a history of trauma; three fractures o f the femoral 
neck and two m inor injuries of the hip. A complete SCFE w ith  subsequent ON 
was seen in one hip. The rem ain ing seven hips were classified as having 
idiopathic ON because no specific risk factors could be identified. A ll 28 hips 
had bone impaction grafting as the primary treatment for ON o f the femoral 
head (28 hips; 15 left hips and 1 3 right hips). A ll procedures were done by one 
surgeon (JWMG). For surgery the lateral approach was used. The patient was 
placed in the supine position on the traction table w ith  the leg in 20° internal 
rotation and slight abduction. No traction, but a comfortable compression force 
was executed on the leg to lightly press the head of femur into the acetabulum. 
After a small skin incision was made, the tensor fasciae latae was separated in 
the line o f incision. The vastus lateralis muscle was released along the linea 
aspera and lifted from the femur using a retractor. The correct position o f the 
w indow  was determined using the image intensifier. The w indow  usually was 
placed approximately 1 cm distal of the lower border of the greater trochanter 
on the lateral side of the femur. A central core biopsy was taken for histologic 
evaluation using the 15-mm Draenert core biopsy set (Merck KgaA, Darmstadt, 
Germany). The core biopsy reached the subchondral plate or fracture line. 
Using imaging in two directions and w ith  the 9-mm core d rill, several more 
biopsy specimens for histology were taken in a circle around the central core. 
W ith  the Anspach 65K (Anspach, Palm Beach Gardens FL), all o f the necrotic 
bone was removed completely. The exact extent and position of this necrotic 
area was determ ined preoperative ly using MRI or CT scans. Autogenous 
trabecular bone from the neck and the trochanteric region were nibbled to 
bone chips w ith  a size o f approximately 8 mm. The head of femur was filled 
first w ith  these autograft bone chips and impacted layer by layer, in such a way
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that the subchondral plate was covered completely by autogenous trabecular 
bone chips. The bone chips were impacted in the head of femur using specially- 
designed impactors of d ifferent sizes to achieve solid im paction and in itia l 
stability. Next, the remaining volume of the created extensive cavity was filled 
w ith  so lid ly  impacted bone chips made from  fresh-frozen femoral a llograft 
heads obta ined from  the bone bank. Substantial trabecu la r a llog ra ft chips 
(7-10 mm) made by hand w ith  a rongeur were used in the femoral head and 
corticotrabecular allograft chips were used in the femoral neck and trochanter 
region. One femoral head was used fo r one reconstruction. The bone was 
impacted at the original site and the vastus lateralis muscle was resutured to its 
original position. Finally, the tensor fasciae latae and skin were closed in layers.
A fter surgery, all patients fo llow ed  a strict rehab ilita tion  and tra in ing  
program. During the first 6 weeks, touch weightbearing w ith  two crutches was 
allowed, in the second 6 weeks, patients were instructed to practice weightbearing 
w ith  a maximum of 50%  body weight, and during the th ird 6 weeks, full 
weightbearing was permitted, often using one crutch to slow down activity.
At review (April 2002) all patients had a m inim um  fo llow up of 2 years. No 
patient was lost to fo llo w up . A ll patients were fo llow ed  up prospectively 
c lin ica lly  and radiographically by one of the authors (JWMG), during the first 
year at 6, 12, 18, 26, and 52 weeks and annua lly  thereafter. The c lin ica l 
fo llo w u p  consisted o f the determ ination o f preoperative and postoperative 
serial Harris hip scores and serial AP and lateral radiographs were used for the 
radiographic fo llow up. A ll radiographs were analyzed by three of the authors 
(WHCR, JWMG, and BWS) on a consensus basis. The classification of stages of 
O N before surgery is very important. In this study, we used MRI to detect 
preradiologic lesions and to predict collapse, which is possible by measuring
the extent of the necrotic lesion. , We used the modified classification of the
12
Association Research C ircu la tion  Osseous (ARCO), w h ich  incorporates9,25,33
several previously published staging systems ' ' including the quantification 
and location o f involvem ent. In this m odified c lassification, Stage 3 was, 
according to Steinberg et al , subdivided as early, a crescent fracture w ithout 
collapse of the head and as late, w ith  collapse. Using the m odified ARCO 
c la s s ific a tio n  system, 11 hips (39% ) w ere  c lass ified  as having  Stage 2, 
th ree  hips (11 %) w ere  c lass ified  as having  Stage 3 early, 1 1 h ips (39% ) 
were classified as having Stage 3 late and three hips (11%) were classified as 
having Stage 4 O N . Fourteen patients had unilateral invo lvem ent and 13 
patients had bilateral O N  as seen on the MRI scan. However, only one patient 
w ith  O N in both hips was treated w ith  bone impaction grafting on both sides. 
Preoperative collapse of the femoral head and presence of osteoarthritic signs,
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classified by using the Kellgren score,16 also were determined. In addition to 
the quantification of the lesion using MRI and the location of the involved area 
using MRI and radiographs, another risk factor was determined. Several authors 
reported that the c lin ica l outcome o f patients w ith  O N is poorer when the23,34
combined necrotic angle is more than 200°. ' Therefore, the necrotic angle 
was measured in all patients. On the serial postoperative radiographs, 
consolidation o f the impacted graft and collapse or progression of collapse and 
O A were determ ined. D uring  fo llow up , osteoarthritic  signs were specified 
using the Kellgren score.
A clin ical failure was defined as a Harris hip score below 70 points or if 
there was a conversion into a THA for any reason. A radiographic failure was 
defined as the onset or the progression of collapse or progressive OA. Progressive 
OA to Grade 3 of the Kellgren score was considered as a radiologic failure.
Univaria te Cox regression was used to study the influence o f various 
c lin ica l and dem ographic parameters on the tim e to fa ilu re  fo r statistical 
significance. The hazard ratios w ith  confidence intervals are calculated. The 
dependent variable was time to total hip prosthesis, time to c lin ica l failure, 
and time to rad io log ic fa ilure, respectively. M ultivariate Cox regression was 
used to study a possible confounder in the ir re la tion to tim e to fa ilu re . 
Incomplete observed time to failure because of patients lost to fo llow up  were 
censored at the time of the last visit, in contrast to the time of study end point. 
This means that the time to the last visit is included in the calculations o f the 
group survival w ith o u t any assumption about the tim e o f fa ilu re  fo r this 
patient.
Results 
C linical results
The technique that was used was technically simple and reproducible. During 
surgery, there were no major complications. However, in two hips there was a 
perforation o f the subchondral plate and cartilage during  surgery and the 
existing collapse progressed. The average surgical time was 1.5 hours and the 
average blood loss 822 mL. During fo llow up  after surgery, one patient had 
pressure sores develop. No other com plications were seen.
The technique improved the c lin ical outcome o f the patients. The preoperative 
Harris hip score for the entire group was 55 points (range, 26-86 points). The 
average postoperative score of all hips was 79 points (range, 14-100 points), at 
the most recent fo llow up or just before conversion to a total hip implant at a 
mean fo llow up of 43 months (Table 1).
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ARCO stage Number HHS
Preoperative
HHS
Postoperative
Conversion 
to THA
Clinical
Succes
Rate
2 11 55.1 .05.8 2 73%
3 early 3 67.0 73.0 1 67%
3 late 11 .65.5 .99.6 5 45%
4 3 42.7 .04.9 0 100%
Total 28 .35.5 78.8 8 64%
HHS=Harris hip score
Table 1. C lin ic a l results: P reope ra tive  and  P ostopera tive  H H S , C o n ve rs io n  to  T H A , and  C lin ic a l 
Success Rate S u b d iv id e d  p e r A R C O  stage
The reconstruction still was in situ in 20 of 28 hips (71%) at a mean fo llow up 
of 50 months (range, 24-119 months after surgery). Eighteen of these 20 hips 
(90%) were rated c lin ica lly  as having excellent or good results and two were 
rated as having poor results (1 0%). The Harris hip score of this group improved 
from 56 points (range, 26-86 points) before the operation to 92 points (range, 
46-1 00 points) at the latest fo llowup.
A THA was necessary in eight hips (seven patients) o f the original 28 hips 
(29%) at a mean fo llow up of 23 months (range, 13-39 months), in all cases this 
was technically simple. The mean preoperative Harris hip score for this group 
was 54 points (range, 30-76 points), the score just before conversion was 45 
points (range, 27-84 points).
O f the 10 hips in the nine patients who continued to receive corticosteroids, 
five had a c lin ica lly  excellent result and the other five had a THA. However, in 
all patients who received corticosteroids and had preoperative collapse o f the 
femoral head, the reconstructions fa iled. The hips that had a rad iographic 
progression of OA had a significantly higher chance (hazard ratio, 1.003; 94% 
confidence interval, 1.046 - 9.908; univariate Cox regression) of developing 
into a clin ical failure compared w ith  hips that had no progression of OA. The 
c lin ical success rate for hips w ith  an ARCO Stage 2 is 73%; for Stage 3 early, 
67%; for Stage 3 late, 45%. Remarkably, the clin ical success rate for Stage 4 
was 100%. However, only three patients were in this group and all of these patients 
were very young with a mean age of 21 years (range, 15.5-24.8 years) at the time of 
surgery. The Harris hip score of this group increased from 45 points preoperative to 
89 points postoperative. The patients older than 30 years at time of surgery had a 
preoperative Harris hip score of 60 points, increasing to 71 points postoperative.
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Radiologic results
A ll included hips had extensive O N , according to the m od ified  ARCO 
classification, all had at least a Stage 2 O N (11 hips in Stage 2, one in 2BB, 
three in 2BC, and seven in 2CC (Figure 1); 14 hips in Stage 3, three in Stage 
3CC early, and 11 in 3CC late; three hips in Stage 4; all were 4CC). 
Q uantification showed that all cases were extensive lesions. The severity of the 
osteonecrotic lesions also was determ ined by the measurement o f the 
combined necrotic angle. A ll combined necrotic angles on radiographs taken 
preoperatively measured more than 200°. The average necrotic angle was 285° 
(range, 220°-368°). Preoperative collapse was seen in 14 hips (50%).
At review according to our criteria 15 of 28 hips (54%) were radiologically 
successful (Table 2 and  3). D uring  fo llow up , collapse was seen in 19 hips 
(68%); this collapse was progressive in 12 hips (43%). The mean onset of this 
progression o f collapse was at 9 months postoperative (range, 2-22 months). 
Eight hips (seven patients) w ith  a progressive collapse needed a THA. The 
remaining 20 hips were stable.
The incidence o f OA preoperatively already was 71 % (20 hips), at review 
it increased to 86% (24 hips). Progression of the OA because of the preoperative 
situation was seen in 12 hips. O n ly four hips did not have any signs of OA at 
review. The mean preoperative Kellgren score was 1.4 points compared w ith 
2.6 at the time of fo llow up.
Hips that show preoperative OA have a s ign ifican tly  higher chance of 
progression o f postoperative OA (p = 0.0213, Fisher's Exact test) compared w ith 
hips w ithout preoperative OA. Hips w ith  progression of postoperative OA have 
a significantly higher chance of having a radiologic failure (hazard ratio, 1.223; 
94% confidence interval, 1 .566-16.784; univariate Cox regression) compared 
w ith  hips that show no progression of OA. We also studied the relation between 
preoperative collapse and postoperative OA. Preoperative collapse was seen in 
14 hips of which five were converted to a THA. Seven of the nine hips (78%) 
that still were functioning had jo in t space narrowing. The mean preoperative 
Kellgren score of these nine hips was 2.1 points, the postoperative score was
2.8 points. O f the group of 14 hips w ithout preoperative collapse, three were 
converted to a THA. O f the rem ain ing 11 hips, on ly  1 8% had jo in t space 
narrow ing. The mean preoperative Kellgren score o f these 11 hips was 0.8 
points, the postoperative score was 1.4 points.
Patients older than 30 years have a significantly higher chance of having a 
radiologic failure (hazard ratio, 6.075; 94% confidence interval: 1 .302-28.351; 
m ultivariate Cox regression), w ith  correction for the d ifferent ARCO stages, 
compared w ith  patients younger than 30 years. Patients w ith  an increase of
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every 10 points in the postoperative Harris hip score have a significantly higher 
chance o f having a rad io log ic  success (confidence interval, 0 .563-0 .841 ; 
univariate Cox regression) compared w ith  patients w ithout an increase in the 
postoperative Harris hip score.
Figure 1-B
A  ra d io g rap h  taken  im m e d ia te ly  p o s to pe ra tive  show s th a t 
th e  la te ra l w in d o w  u n d e r th e  g rea te r tro c h a n te r  a lre a d y  
has co n s o lid a te d . The im p a c te d  grafts are c le a r ly  v is ib le  in 
the  head and neck reg ion .
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ARCO Mean Collapse Collapse Consolidation Radiographic
stage Preoperative Preoperative Postoperative Succes
Necrotic Rate
Angle
2 275.3 (220-336) 0% 27% 73% 73%
3 early 296.7 (285-312) 0% 67% 67% 33%
3 late 285.0 (220-368) 100% 100% 82% 36%
4 305.0 (280-330) 100% 100% 100% 67%
Total 284.6 (220-368) 50% 68% 79% 54%
Table 2. R a d io lo g ic  Results: P reopera tive  N e c ro tic  A ng le , P reopera tive  and Postoperative C ollapse,
C onso lida tion , and Success Rate Subdiv ided per A R C O  stage
ARCO Preoperative Preoperative Postoperative Postoperative Joint
stage Osteoarthritis Kellgren Osteoarthritis Kellgren Space
Score Score Narrowing
2 55% 1 73% 1.7 36%
3 early 33% 3.30. 67% 1.3 0%
3 late 91% 1.5 100% 2.7 73%
4 100% 2.7 100% 2.3 100%
Total 71% 1.4 86% 2.6 54%
Table 3. R ad io log ic  Results: Preoperative and Postoperative O steoarth ritis  and Kellgren Score and Joint 
Space N a rro w in g  S ubdiv ided Per A R C O  stage.
D iscussion
This treatment technique using bone impaction grafting o f the femoral head was 
started because there still is a need for a relatively simple surgical method to 
reconstruct advanced osteonecrotic lesions in younger patients. The demand for 
a suitable technique in this group o f patients should aim to improve the clin ical 
results, prevent additional collapse of the femoral head, prevent secondary 
osteoarthritis, postpone at least a TH A in these young patients, and the 
technique should not hamper future implantation o f a THA.
The introduced treatm ent technique using bone im paction grafting to 
reconstruct the femoral head in patients w ith  O N shows acceptable results at 
m idterm fo llow up in younger patients w ith  extensive lesions that are highly at
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24 34
risk fo r collapse. ' The c lin ica l success rate o f 64% is acceptable at an 
average fo llow up o f 43 months, considering that 50%  of the patients already 
had a preoperative collapse of the femoral head (Figure 2).
Figure 2. A  K a p la n -M e ie r cu rve  show s 
th e  c l in ic a l success rates o f th e  g ro u p  
w ith  and w ith o u t  p re o p e ra tive  co lla p se .
. A R C O  S t a g e s 2  and 3 ear l y -------A R C O  St age 3 late and S t age  4
The technique seems especia lly attractive fo r very young patients, because 
patients o lder than 30 years at surgery had a s ign ifican tly  higher chance of 
radiologic failure. Three very young patients w ith Stage 4 lesions had remarkable 
recoveries and had c lin ic a lly  excellent results. However, the outcom e in 
patients w ith  preoperative collapse and continuing corticosteroid medication 
was disappointing.
The radiological results o f the technique are less favorable. Although in 
50%  of the cases a collapse was seen preoperatively, after surgery and at review 
this increased to 68%. We were not able to repair a collapse radiologically and 
in 18%, a collapse occurred after surgery. However, add itiona l collapse 
requiring a THA that could be expected in most hips w ithout treatment only 
was seen in eight of the 28 hips. The technique could not prevent the ongoing 
OA. Although preoperatively, 71% already had signs of OA, after surgery this 
increased to 84% at approxim ate ly  4 years fo llow up . Patients w ith  a 
preoperative collapse had more severe OA, and in most cases, the OA became 
more severe after surgery. Based on the outcom e o f this study, the crucia l 
im portance o f early detection and treatm ent o f O N  is shown again. 
Preoperative collapse of the femoral head is accompanied by more postoperative 
osteoarthritic changes; a higher incidence of jo in t space narrowing and a higher 
postoperative Kellgren score. One can criticize that intraobserver and interobserver 
variations for measurements regarding clin ical and radiographic results were not 
expressed in a statistical analysis.
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In the literature, there still is much discussion about the optimal treatment of the 
d ifferent stages o f this disease. The most common procedure is simple core 
decompression,2,8,24,35 w hich m ainly is effective in the treatment o f m ild  or 
moderate-sized ARCO Stage A lesions,24 w ithout collapse o f the femoral head.2 
However, the reports and opinions vary greatly according to the indications and 
results o f the treatment. Core decompression can be com bined w ith  
nonvascularized or vascularized grafts from  tib ia , fibu la , or ilia c  crest. The 
app lica tion  o f vascularized grafts4,7,1 5,24,32 is successful if done before 
subchondral co llapse.32 However, this technique requires much technical 
expertise, time, and expense and patients must restrict weightbearing for 6 to 
12 months.24 It also gives significant donorsite m orbidity.38 Patients w ith  Ficat 
and Arlet Stages 2 or 39 (ARCO Stage 2 or Stage 3 early and late) lesions can be 
treated successfully w ith  an in tertrochanteric or flex ion  in te rtrochan te ric10 
osteotomy, provided that the lesion is small to medium-sized, the patient is not 
receiving continuous high doses of corticosteroids, and an adequate patient 
selection is done.10 The transtrochanteric rotation osteotomy suggested by 
Sugioka et a l37 shows favorable results in Japan; however, the results from 
Europe and America are disappointing.5 The technique is demanding technically 
w ith  a long period of disability for the patient and has unpredictable results.
Nonvascularized bone grafting is a procedure prim ary popularized by 
Phemister26 and Bonfiglio and Voke1 using a cortical strut graft to fill a core tract 
and support the necrotic segment and subchondral plate. However, the long­
term results are less than satisfactory.20 Another approach is a trapdoor 
technique made through the articular cartilage o f the femoral head17 or through 
a w indow  in the femoral neck combined w ith  an osteotomy.11 The technique of 
fillin g  the necrotic femoral head w ith  cancellous bone graft has been presented 
before. However, this was combined w ith  an arthrotomy o f the hip, a trapdoor 
through the articular cartilage or w ith  a w indow  in the neck. The results of the 
trapdoor technique through the cartilage and fillin g  of the head were favorable. 
We decided not to use a trapdoor technique that enters through the cartilage 
because in our opinion the surgical extent o f a salvage procedure should be as 
lim ited as possible and this surgery should not intervene w ith  the placement of 
a THA, which this can be expected in many patients in the future. Indeed, in the 
e ight hips requ iring  a THA, a standard approach could  be used and 
implantation was comparable w ith  a primary THA. Meyers et al22 and Meyers21 
used fresh autogenous grafts and osteochondral allografts for the treatment of 
segmental collapse in O N of the hip. The c lin ical success rate is 68%. There 
are, however, some disadvantages; before surgery an arthroscopy of the hip is 
done to determ ine the qua lity  o f the hyaline cartilage; a suitable donor for
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allotransplant must be identified, the allograft must be harvested w ith in  12 
hours of death and be accomplished w ith in  72 hours o f death to the donor; the 
size of the donor head must be essentially the same as that o f the recipient and 
the technique is contraindicated when secondary arthritis is present. In 1994, 
Rosenwasser et al29 presented the results of the lightbulb procedure in which 
cancellous bone grafts are impacted in the femoral head via a defect made at 
the head-neck junction. Thirteen of 15 patients, w ith  Ficat and Arlet Stage 2 and 
Stage 3 lesions (ARCO Stage 2 and Stage 3 early and late), were asymptomatic 
at a mean of 12 years. However, the number o f patients w ith  preoperative 
collapse is five of the 15 patients and the extent of preoperative collapse seems to 
be limited.
We had much experience w ith  bone im paction grafting to repair bone 
stock loss in primary and revision hip arthroplasty, w ith  promising long-term 
results.30 We thought that bone im paction grafting after rem oving the 
osteonecrotic lesion could be effective to treat the hip in younger patients w ith 
extensive lesions. From biopsy specimens from  animals and humans, it was 
proven a high percentage of impacted bone grafts incorporate6. However, it 
remains unclear whether these impacted grafts used in the femoral head for ON 
w ill incorporate. The situation in O N is different from impaction grafting in 
revision surgery. However, after filling, the grafts seem to support the head in most 
cases at least mechanically to prevent progressive collapse of the head.
This report is based on our first c lin ical experience; the learning curve of 
this new technique is included. The series is based on the experience of one 
surgeon. The goal is at least to postpone the implantation of a THA in a young 
patient. The technique is relatively simple and does not take extensive surgical 
time. It does not produce donor site m orbid ity and does not hamper the future 
im p lan ta tion  o f a THA. However, the technique must be im proved. The 
improvement o f image intensifiers18 w ill give the surgeon the opportunity to 
w ork more precisely. Better instruments are needed to remove and impact the 
bone. The superolateral necrotic areas especially are d ifficu lt to reach. When 
observing the radiographs, we had the impression that we did not always reach 
this superolateral part of the femoral head. We saw the development of cysts 
and osteolytic areas in some cases.
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A bstract
Background
Osteonecrosis of the distal portion of the femur produces a segment of dead 
bone in the weight-bearing portion of the femoral condyle, frequently 
associated with subchondral fracture and collapse and eventually resulting in 
secondary osteoarthritis. Treatment of these late stages of osteonecrosis in the 
knee can be problematic. The purpose of the present study was to evaluate a 
new surgical technique in which the subchondral osteonecrotic lesion is 
removed. The bone defect is then reconstructed with impacted bone grafts to 
prevent collapse and/or to regain distal femoral sphericity.
Methods
In this prospective, one-surgeon study, nine consecutive knees in six patients 
were studied, all of which had extensive corticosteroid-associated osteonecrotic 
lesions of the femoral condyles. Six knees had collapsed lesions when they 
were initially treated. The mean age of the patients was thirty-one years. Both 
the clinical and radiographic outcomes were assessed at a minimal follow-up 
time of two years.
Results
At a mean follow-up time of fifty-one months, none of the reconstructed knees 
had been converted to a total knee prosthesis. The objective Knee Society score 
improved from a mean of 63 to 89 points. The functional Knee Society score 
improved from a mean of 19 to 81 points. During the follow-up period, there 
was no progression of collapse observed; however, three knees showed early 
signs of osteoarthritis. Clinical success was achieved in six of eight knees, and 
radiographic success was achieved in seven of nine knees.
Conclusions
At the time of writing (at the time of midterm follow-up), this method appears 
attractive as a joint-preserving procedure. It is a relatively simple procedure that 
is not likely to interfere with future knee procedures. It appears that this 
technique can be effective in knees with collapse of the femoral condyle, and it 
may delay the need for a total knee arthroplasty.
Leve l o f  E v id e n c e : Therapeutic, Level IV
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Introduction
Osteonecrosis of the distal aspect of the femur produces a segment of dead
bone in the weight-bearing portion of the femoral condyle. It frequently is
associated with femoral subchondral fracture and collapse , , and it eventually
results in secondary osteoarthritis. After the femoral head, the femoral condyles
are the second most commonly affected anatomic location for osteonecrosis .
Secondary osteonecrosis of the knee is observed in younger patients, is
usually bilateral, and has multiple condylar involvement. Often, these patients
have osteonecrosis of other large joints. The onset of the disease is more gradual
and the necrotic area is larger and more diffuse than the segmental necrosis
observed in idiopathic osteonecrosis of the medial femoral condyle , .
Approximately 90% of all occurrences of secondary osteonecrosis of the knee
are associated with alcohol abuse and the use of corticosteroids , .
Treatment options for secondary osteonecrosis of the knee include
nonoperative therapy, such as restricted weightbearing, and administration of
analgesics. Various surgical treatment alternatives include core decompression , , 
10 81112 bone grafting , and resurfacing with osteoarticular allografts , , . When these
measures fail to relieve disability, unicondylar or total knee arthroplasty is
the only treatment alternative. However, knee prostheses are less desirable in
this young and active patient population.
The bone impaction grafting technique was developed primarily for the
repair of bone deficiencies during revision total hip arthroplasty. The initial and
secondary stability of these reconstructions has been sufficient, and the long-term
clinical and radiographic results have been reported as being satisfactory19,20.
Histologic analysis has shown that graft incorporation is nearly always
complete . In the present study, we adapted for the knee a previously described
technique that has been used for the treatment of femoral head osteonecrosis .
The purpose of this study was to evaluate if bone impaction grafting can be
used for the treatment of osteonecrosis of the femoral condyles. W e also sought
to answer the questions of whether the technique is simple, reproducible, and
safe; whether the technique leads to improvements in clinical and radiographic
outcomes; and whether the technique impedes the progression of collapse.
M aterials and methods
From July 1994 to May 2002, ten consecutive knees in seven patients with 
extensive osteonecrotic lesions of the femoral condyles were treated with the 
bone impaction grafting technique. No patient was lost to follow-up, but one
65
Chapter 4
patient who died nine months postoperatively due to a cause unrelated to surgery 
was excluded from the series. Therefore, nine knees in six patients were available 
for follow-up.
The mean age of the six patients (three men and three women) at the time 
of surgery was thirty-one years (range, sixteen to forty-seven years). The mean 
body mass index was twenty-five (range, twenty-one to thirty-four). The diagnosis 
of osteonecrosis was partially based on the clinical history and anteroposterior 
and lateral radiographs. In all patients, the final diagnosis and the quantification 
and location of the lesion were confirmed by magnetic resonance imaging scans.
The mean duration of symptoms before surgery was twenty-five months 
(range, two to eighty-one months). All patients had a history of systemic 
corticosteroid administration. All knees had bone impaction grafting as the 
primary treatment for osteonecrosis. Two of the patients (patients 1 and 2) had 
symptomatic osteonecrosis of joints other than the knee (Table 1).
Patient Gender Age
at
Surgery
(yr)
Side Location of 
Lesion*
J 
ü 
o
(
i_i_ Underlying
Disease
Involvement Knee Society 
Score 
(objective/ 
functional) 
Preoperative
Knee Society 
Score 
(objective/ 
functional) 
Follow-up
1 F 47 R Lat 29 Polymyalgia
rheumatica
Bilateral /09/5 70/50
F 47 L Lat/Med 36 Polymyalgia
rheumatica
Bilateral /09/5 95/60
2 M 45 R Lat/Ti b 29 Subarachnoidal
Bleeding
Bilateral 80/50
3 M 29 L Lat 35 Crohn Disease Unilateral /03/4 95/100
4 F 16 L Lat 43 Crohn Disease Bilateral 90/70 100/100
F 16 R Med 49 Crohn Disease Bilateral 50/40 75/90
5 F 24 L Lat/Med/Ti b 87 Systemic lupus 
erythomatosus
Bilateral 70/10 95/100
F 23 R Lat/Med/Ti b 93 Systemic lupus 
erythomatosus
Bilateral 70/10 95/100
6 M 34 R Lat/Med/Ti b 58 Renal Insufficiency Bilateral - -
Table 1. Clinical Data of Patients W h o  Had Bone Impaction Grafting for Corticosteroid-Associated 
Osteonecrosis of the Knee.
*Lat = lateral femoral condyle, Med = medial femoral condyle, Tib = proximal aspect of the tibia.
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Surgical technique
All procedures were done by one surgeon (J.W.M.G.). Patients were placed in 
the supine position with the knee in 30° degrees of flexion. The incision was 
made on the affected side, just proximal to the epicondyle. The margin of either 
the vastus medialis or the vastus lateralis muscle was exposed and retracted 
anteriorly to expose bone, with care taken care to avoid the collateral ligament. 
The joint space was not entered, thus leaving the joint capsule intact. The 
periosteum was removed, and a 1x2 cm cortical window was made. Under 
fluoroscopy from two directions, all of the necrotic bone was removed with the 
use of osteotomes, sharp curettes and an Anspach 65K bur (Anspach, Palm 
Beach Gardens, Florida). The exact extent and position of this necrotic area 
were determined preoperatively with use of magnetic resonance imaging scans.
Next, the area over the subchondral plate was filled with bone chips and 
impacted, layer by layer, in such a way that the subchondral plate was first 
covered and impacted completely by autogenous trabecular bone chips. In the 
first three knees, extra autogenous trabecular bone was obtained from the iliac 
crest. In the final six knees, only healthy autogenous bone from the 
metaphyseal area was used. The bone was nibbled into bone chips with a size 
of approximately 8 mm. The bone chips were impacted with use of specially 
designed, bayonet shaped impactors of different sizes to achieve solid 
impaction and initial stability.
Next, the remaining volume of the created extensive cavity was filled with 
solidly impacted trabecular bone chips made from fresh-frozen allograft femoral 
heads obtained from a local bone bank. One complete femoral head was needed 
for each reconstruction. Finally, the cortical window was replaced in its original 
position and impacted in place. The periosteum was resutured back into place.
After surgery, all patients followed a strict rehabilitation and training 
program. During the first six weeks, toe-touch weight-bearing with the use of 
two crutches was allowed. In the second six weeks, patients were instructed to 
practice bearing weight with a maximum of 50% body weight. During the third 
six weeks, full weight-bearing was permitted, often with the use of one crutch 
to slow down activity.
All patients were prospectively followed clinically and radiographically by 
one of the authors (J.W.M.G.) four times during the first year and annually 
thereafter. The visual analog score and Knee Society rating system, differentiated 
by objective and functional scores, were used for clinical evaluation 
preoperatively and at the time of the final follow-up. A score of 90 or more 
points was considered an excellent outcome; between 80 and 89 points, a good 
outcome; 70 to 79 points, a fair outcome; and 69 or less, a poor outcome.
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A clinically successful result was defined as a minimal objective score of 80 
points and no conversion to total knee arthroplasty. Two visual analog scales 
were used to grade either the satisfaction of the patient concerning function of 
the knee or pain (range, 0 to 100, with 100 as the highest score).
For radiographic follow-up, serial anteroposterior and lateral radiographs 
were used. According to the classification system of Ficat and Arlet , three 
knees were in stage II and six knees were in stage III. Locations of lesions were 
tabulated as previously described . All knees had a lesion involving the 
femoral epiphysis. Five knees presented with only distal femoral involvement 
and four presented with both femoral and tibial involvement. One patient had 
unilateral involvement, and five patients had bilateral osteonecrosis. Four knees 
had only lateral condylar involvement, one knee only medial, and in another four 
knees both condyles were affected. In two knees the lesion was situated in the 
distal quadrant; in three knees, the posterior quadrant; and in four knees, both the 
distal and posterior quadrants . The size of the lesion was expressed, as previously 
described, as a percentage of the width of the involved femoral condyle on the 
anteroposterior radiograph . The presence of osteoarthritic signs, classified with 
use of the Kellgren score was determined. Radiographic failure was defined as 
the onset or the progression of collapse or progressive osteoarthritis.
Results
Surgical evaluation
The mean surgical time was eighty-nine minutes (range, sixty to 135 minutes), 
and the mean blood loss through drains was 180 mL (range, 5 to 560 mL). 
During the operation, two perforations of the cortex of the condyle were observed. 
These occurred once on the lateral side of the lateral condyle and once on the 
posterior facet of the lateral condyle. Neither was situated in the major weight­
bearing part of the femoral condyles.
Clinical evaluation
The mean duration of hospital stay was eleven days (range, three to twenty-eight 
days). The time until the final follow-up after the index operation was fifty-one 
months (range, twenty-nine to ninety-three months). The technique improved the 
clinical outcome for all patients. The objective Knee Society score increased 
from a mean of 63 points (range, 43 to 90 points) to a mean of 89 points (range, 
70 to 100 points). The functional Knee Society score improved from a mean of
19 points (range, 0 to 70 points) to a mean of 81 points (range, 50 to 100 points) 
postoperatively. No conversion to a total knee arthroplasty was performed.
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The visual analog scale functional score averaged 27 points (range, 10 to 50 
points) before the operation. The mean score at the time of follow-up was 85 
points (range, 50 to 100 points). The visual analog scale pain score was, on the 
average, 78 points (range, 50 to 90 points) before the operation and 25 points 
(range, 10 to 70 points) at the time of the final follow-up. One patient was 
moderately satisfied with a relatively high visual analog scale pain score of 70 
at the time of final follow-up. However, all patients had some relief of pain. The 
clinical success rate, defined as a minimal objective score of 80 points and no 
conversion to a total knee arthroplasty, was 75%  (six of eight knees).
Radiographic evaluation
At the time of final follow-up, none of the six knees with preoperative collapse 
of the femoral condyles had progression of collapse (Figures. 1-A through 1-F). 
Incorporation of the impacted bone grafts was seen radiographically in all 
knees. At the time of follow-up, minimal osteoarthritis was observed in three 
knees, all of which had a Kellgren score of 1. In one knee, the osteoarthritis had 
been present preoperatively.
The size of the lesion, expressed as a percentage of the width of the 
involved femoral condyle on the anteroposterior radiograph, averaged 65%  
(range, 52 to 86% ). The radiographic success rate, defined as absence of 
progression of osteoarthritis or collapse, was 78%  (seven of nine knees).
Figures 1-A through 1-F Radiographs of the right knee of a sixteen-year-old 
patient w ho  had preoperative collapse at the time of the five-year follow-up.
Figure 1-A Preoperative 
anterioposterior radiograph
Figure 1-B Preoperative 
lateral radiograph of the knee
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Figure 1-C Preoperative 
anteroposterior radiograph 
show ing  the knee in 6 0 ° of 
flexion
Figure 1-E Lateral radiograph 
of the knee five years 
postoperatively
Figure 1-D A nteroposterior 
radiograph of the knee five 
years postoperatively
Figure 1-F A nteroposterior 
radiograph, five years 
postoperatively, show ing the 
knee in 60 ° of flexion
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D iscussion
This new treatment technique shows promising results at the time of midterm 
follow-up in a small series of younger patients with extensive osteonecrotic 
lesions of the knee. The clinical success rate in all patients was promising at a 
mean duration of follow-up of fifty-one months. This is important considering 
that, preoperatively, two-thirds of the knees had collapse of the femoral 
condyle. Visual analog scale and functional Knee Society scores showed 
promising subjective results with a major decrease in perception of pain and an 
increase in function. The two perforations that were made in the cortex of the 
condyle did not appear to affect clinical outcome.
The radiographic results also were favorable. The osteonecrotic lesions 
were extensive in all instances, affecting at least 50% of the condyles in the 
weight-bearing area. Success was radiographically demonstrated in seven of 
the nine knees. In only two knees was minimal progression of osteoarthritis 
observed. No collapse of the affected condyle occurred after surgery and no 
progression of a preoperative collapse was seen. The impacted bone grafts 
showed adequate incorporation in all knees.
This study involved a series of patients who were being managed for 
corticosteroid-associated osteonecrosis of the knee. This technique of 
impaction bone-grafting of the femoral condyle was used because there is still 
a need for a relatively simple, minimally invasive, surgical method to 
reconstruct advanced osteonecrotic knees in younger patients. The aim of a 
suitable technique in this group of young patients should be to improve clinical 
results, prevent further collapse and the development of osteoarthritis of the 
femoral condyles, and at least postpone the need for a total knee arthroplasty. 
In addition, the technique is not likely to make future implantation of a total 
knee prosthesis more difficult.
In the literature, several surgical and non-surgical treatments for 
corticosteroid-associated osteonecrosis are reported. However, nonsurgical 
treatments have met with limited success in this group of patients, with only
1 8%  survival found in one study at six years .
Various surgical treatment modalities for osteonecrosis of the distal 
portion of the femur have been described. Mont et al. described 73% good or 
excellent results after eleven years in forty-seven knees with corticosteroid- 
associated osteonecrosis treated by core decompression; however, 85% of all 
knees were in an early stage of the disease, without collapse. Fukui et al. used 
autologous osteoperiosteal iliac bone grafts, which were placed into the 
osteochondral lesion and, in some cases, combined with a high tibial osteotomy.
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After seventy-nine months, nine of ten knees showed a good result. The use of 
unicompartmental arthroplasty has been reported in patients with spontaneous 
osteonecrosis of the medial femoral condyle . Total knee arthroplasty after 
spontaneous osteonecrosis of the knee has been reported to result in midterm 
survival rates of 80 to 95% , . However, the treatment of corticosteroid- 
associated osteonecrosis has been associated with less favorable results. Mont 
et al. reported a 45% failure rate after eight years, and Seldes et al. showed 
an implant survival rate of 84% in thirty-one knees after five years. Better 
cementation techniques and prostheses improved survival rates to 97% after 
nine years .
W e report the first clinical experience with this new technique, with the 
learning curve included, from the experience of a single surgeon.
The technique has proven to be relatively straightforward, and the surgical time 
is not extensive. Future implantation of a total knee prosthesis should not be 
hampered because the joint space is left intact and bone stock is reconstructed. 
The clinical and radiographic outcomes of this study are promising; yet, 
because osteonecrosis of the knee is a disease with a low incidence, the 
number of patients that we studied was limited, and our results are presented 
after only a midterm follow-up period, we await the longer-term evaluation of 
this technique with more patients.
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Chapter 5
A bstract
Bone impaction grafting has been advocated for the reconstruction of femoral 
head osteonecrosis. However, bone grafts do not prevent the progression of 
collapse and subsequent disabling osteoarthritis in late-stage osteonecrosis. We 
hypothesized reconstruction of large subchondral defects with a mix of 
impacted morsellized cancellous bone grafts and calcium phosphate cement 
would afford mechanical stability allowing remodeling into new bone without 
femoral head collapse. In a pilot study we created a critically sized subchondral 
defect model in 15 goats following the trapdoor procedure. Defects were left 
empty (n=3), filled with morsellized cancellous bone grafts (n=6), or filled with 
a mixture of morsellized cancellous bone and calcium phosphate cement 
(n=6). No defects collapsed by sacrifice at 12 weeks. Defects filled with 
morsellized cancellous bone showed complete incorporation and remodeling 
to a normal trabecular structure. In the morsellized cancellous bone/calcium 
phosphate cement group, most of the calcium phosphate cement was resorbed 
within 12 weeks and the mixture was largely replaced by fibrous or fatty 
marrow. Although the specific mixture did not confirm our hypothesis, we 
suspect a slower resorbing calcium phosphate cement remains a promising 
material to mix with morsellized cancellous bone to treat late stages of femoral 
head osteonecrosis.
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Introduction
Osteonecrosis of the hip is a progressive and painful disorder that affects mostly 
young patients. Without specific treatment, osteonecrosis usually leads to 
collapse and secondary osteoarthritis of the femoral head. Because patients 
with osteonecrosis of the femoral head are generally young, femoral head- 
preserving procedures should be the preferred treatment. The aim of treatments 
should be to slow progression or prevent collapse and degenerative changes 
and postpone total hip arthroplasty.
Treatments to preserve the femoral head include core decompression, ,
1 4 , 1 . , ,  ,.7 ,1 1 ,1 2  , ,osteotomies, vascular and nonvascular bone grafting, and bone 
impaction grafting. This latter technique uses the lateral approach through the 
femoral neck to remove the osteonecrotic lesion in the femoral head. Then the 
femoral head is filled with impacted morsellized cancellous bone grafts to 
maintain or regain the sphericity and to improve the mechanical properties of 
the femoral dome. This treatment modality has been clinically successful in the 
precollapsed stages of osteonecrosis, but the initial mechanical strength of the 
impacted morsellized cancellous bone seems inadequate to prevent further 
collapse of the osteonecrotic segment of late-stage osteonecrotic femoral heads.
Currently, calcium phosphate cements have attracted interest as synthetic 
bone graft substitutes. They can be shaped to the defect dimension and harden 
in place. Calcium phosphate cement is osteotransductive, ie, it is resorbed 
during and after revascularization, it is simultaneously transformed into new
2 4 5 10 13 18bone tissue, ' ' ' '  ' and it has increased initial compressive strength and 
stiffness properties compared with cancellous bone. Moreover, the resorption 
speed of mixtures of morsellized cancellous bone with biomaterials in general 
proceeds more slowly compared with morsellized cancellous bone alone. 
Therefore, morsellized cancellous bone mixed with calcium phosphate cement 
could potentially improve the bone impaction grafting technique in the 
treatment of late-stage osteonecrosis of the femoral head. Theoretically, the 
increased initial stability of the mixture of calcium phosphate cement with 
morsellized cancellous bone and the slower resorption speed of the mixture 
would allow incorporation and remodeling into a new trabecular bone without 
collapse of the femoral head. However, different studies evaluating the rate of 
biodegradation and new bone formation of calcium phosphate cement suggest 
large variability in the rate of resorption, which might depend on local 
biomechanical and physiological factors. , ,
W e hypothesized a mixture of morsellized cancellous bone with 
calcium phosphate cement would enhance the speed of incorporation and
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remodeling compared with morsellized cancellous bone alone in a critical 
sized defect model in the femoral head of goats using the trapdoor procedure. 
W e also questioned whether there was a difference in clinical behavior, 
ingrowth of the trapdoor, and radiographic healing among the groups.
Materials and methods
W e tested our hypothesis in a pilot study using a critically sized defect model 
in the goat and compared incorporation and remodeling with the addition of 
calcium phosphate cement to morsellized cancellous bone to morsellized 
cancellous bone alone. The defects were filled with calcium phosphate cement 
(Biobon, Biomet Merck, Darmstadt, Germany) in combination with morsellized 
cancellous bone, with morsellized cancellous bone alone, or left empty. After a 
period of weightbearing and clinical observation, and the femoral heads were 
harvested and radiographically examined. Quantitative and qualitative 
histologic analyses of the femoral heads of the three different groups were 
performed to answer our primary research question. Because this was intended 
as a pilot study, no power analysis or statistical analysis was performed.
Three groups of goats (Capra hircus sana; average weight, 55 kg; range, 
43-72 kg) were used: a control group (three goats) with unfilled defects, a 
morsellized cancellous bone group in which the defects were filled only with 
impacted cancellous bone graft (six goats), and a morsellized cancellous 
bone/calcium phosphate cement group (six goats) in which the defects were 
filled with a mixture of morsellized cancellous bone and calcium phosphate 
cement (Biobon). The empty defect group was followed for 12 weeks, and the 
morsellized cancellous bone and morsellized cancellous bone/calcium 
phosphate cement groups were followed for 6 and 12 weeks. Three goats in the 
morsellized cancellous bone group were operated on bilaterally (second 
operation 6 weeks after the first) and three goats unilaterally, which resulted in 
a 6-week followup for three hips and a 12-week followup for six hips. In the 
morsellized cancellous bone/calcium phosphate cement group, the goats were 
operated on bilaterally, which resulted in six hips with a 6-week followup and 
six hips with a 12-week followup. The ethical committee approved all 
experimental procedures, and all procedures were in accordance with Dutch 
legislation on animal experiments.
Goats were acclimated to their environment for at least 2 weeks before 
surgery. All goats were premedicated with 0.5 mg atropine (Centrafarm, Etten- 
Leur, The Netherlands) intravenously. The general anesthesia was inducted by 
Nembutal (CEVA, Maassluis, the Netherlands) (60 mg/mL, 30 mg/kg body
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weight) through the external jugular vein. The animals were intubated and kept 
under anesthesia with isoflurane (Rhodia Organique Fine Ltd, Avonmouth- 
Bristol, UK), nitrous oxide, and oxygen. Electrocardiogram and heart frequency 
controls were performed continuously. The hip was exposed through a 
dorsolateral approach preserving the major vessels supplying the femoral head. 
The joint capsule was opened by a T-shaped incision and the femoral head was 
subluxated. On the anterolateral side of the femoral head, a 1 x 1-cm diameter 
rectangular trapdoor was created composed of articular cartilage and its 
underlying subchondral bone. After removing the trapdoor, all the trabecular 
bone of the anterosuperior segment was completely removed using the mini 
AO-unit reamer (AO foundation, Davos, Switzerland) creating a defect covering 
the cranial part of the femoral head. The subchondral plate and cartilage remained 
intact. The defect was cleaned with a sharp spoon and washed with saline.
Morsellized cancellous bone was obtained from the sternum of the goats 
and prepared by nibbling with a rongeur to approximately 4 x 4-mm particle 
size. After harvesting, the morsellized cancellous bone was sterile packed and 
stored fresh-frozen at -20° C. The morsellized cancellous bone was forcibly 
impacted in the defects.
The calcium phosphate cement powder (Biobon) was a mixture of 
dicalcium phosphate dehydrate (50%) and amorphous, low-crystalline, 
calcium phosphate (50%). After mixing of the powder with physiologic saline 
(0.9%), a microcrystalline hydroxylapatite paste is formed that will harden 
endothermically at body temperature10 in approximately 10 minutes to a 
compressive strength of approximately 10 to 15 MPa.
For defects in the morsellized cancellous bone/calcium phosphate cement 
group, 5 g calcium phosphate cement was prepared with 4 mL 0.9% 
physiologic saline and mixed with 5 cc morsellized cancellous bone for the 
restoration of one femoral head defect. The morsellized cancellous bone/calcium 
phosphate cement mixture was then forcibly impacted in the defect.
After filling the defects, the trapdoor was replaced flush with the 
surrounding articular surface and held in place by two 4-0 Vicryl sutures. The 
capsule was then closed with interrupted Vicryl sutures. The gluteus profundus 
and iliacus muscles were readjusted at the greater trochanter. The wound was 
closed in layers using Vicryl sutures. The wound was swapped with iodine and 
sprayed with plastic wound spray.
Postoperatively, all goats received standardized pain medication (Finadyne; 
Schering, Maarssen, The Netherlands) and a long-acting antibiotic (Albipen LA; 
Intervet, Boxmeer, The Netherlands). The goats were kept in a hammock, 
allowing partial weightbearing. Full weightbearing was allowed after 5 days.
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The animals were sacrificed with an overdose of pentobarbital. Anteroposterior 
radiographs were made after the animals were euthanized. The radiographs 
were evaluated by three clinicians who were blind to the animal groups. A 
scoring system ranked filling of the defect as none, minimal, moderate, or 
excellent. No healing of the defect indicated minimal bone formation (filling 
less than 2 5 %  of the defect) composed mostly of noncontiguous areas of 
minimal density. Minimal healing indicated mostly contiguous areas of normal 
density that filled 2 5 %  to 7 5 %  of the defect. Moderate healing indicated 
normal density in 76%  to 95%  of the defect. Excellent healing indicated normal 
density in 95%  or more of the defect.
Then the femoral heads were harvested and radiographs were harvested. 
The femoral heads were fixed in buffered 4 %  paraformaldehyde and embedded 
undecalcified in PM M A. Sections (7 pm) were stained with hematoxylin and 
eosin, Goldner's trichrome, and tartrate-resistant acid phosphatase. The 
specimens were qualitatively examined with a Zeiss Axioplan 2 microscope 
(Zeiss, Oberkochen, Germany). Histomorphometric evaluation was performed 
by digital photography (Olym pus C4040; O lym pus Europe, Hamburg, 
Germany) and AnalySIS (Soft Imaging System, Munster, Germany). The original 
defects were defined. The cross-sectional surface areas of trabecular bone, 
necrotic bone graft (mixed with calcium phosphate cement), fibrous tissue, and 
fat tissue were quantified. The cartilage and subchondral bone were evaluated 
(by W H C R  and PB) for lesions, collapse, and reactive changes in the subchondral 
area.
Finally, for in vitro testing, four standard packages of Biobon were 
prepared and the cement paste was placed in standard defects (six) in a mold 
with a known volume. After complete drying for 1 week in an oven, the 
samples were weighted, and based on the weight of non-porous hydro xyapatite 
cement (approximately 3.12 gr/cm3), the porosity of the cement could be 
calculated. The mean specific density of the in vitro measured Biobon was 1.15 
(standard deviation, 0.02), which means the porosity is 62%. The variability 
between the samples was extremely low (all measured densities were between 
1.13 and 1.16).
Results
No collapse of the weightbearing area of the femoral head or trapdoor was 
observed in any of the groups and no clear distinction in radiographic 
healing between the groups can be made (T ab le  1). The cartilage of the 
weightbearing part of all controlled femoral heads was slightly fibrillated.
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Group Follow-up No healing Minimal Moderate Excellent 
(weeks) healing healing healing
Control 
MCB group 
MCB group 
MCB/CPC 
MCB/CPC
12 1 2 
6 1 2 
12 2 4 
6 1 4 
12 1 3 1
Table 1. Radiologic Analysis.
Values = number of defects showing healing ranked as follows: no healing = minimal bone formation 
(filling < 5 %  of the defect) composed mostly of noncontiguous areas of minimal density; minimal 
healing = mostly contiguous areas of normal density that filled 2 5 %  to 7 5 %  of the defect; moderate 
healing = normal density in 7 6 %  to 9 5 %  of the defect; excellent healing = normal density in > 9 5 %  
of the defect; M C B  = morsellized cancellous bone grafts; C PC  = calcium  phosphate cement
The trapdoors were circumferentially attached to the host cartilage and bone 
by fibrous tissue. The defect persisted where the trapdoor had been made 
(F ig u re  1F). The subchondral bone of the trapdoors did not remodel 
underneath the cartilage.
The addition of calcium  phosphate cement to morsellized cancellous 
bone did not stimulate incorporation and remodelling compared with the use 
of morsellized cancellous bone alone (F igure 1A). In the 6-week specimens, 
rows of tartrate-resistant acid phosphatase-positive multinucleated cells were 
found on the surface of morsellized cancellous bone and cancellous bone 
cement, indicating an osteoclast-mediated resorption process took place. In the 
resorption process of the morsellized cancellous bone/calciumphosphate 
cement mixture, the calcium phosphate cement was resorbed at a similar speed 
as the morsellized cancellous bone (F igu re  1B). The resorption was mostly 
completed 12 weeks postoperatively. D irect bone apposition occurred 
occasionally on the nonresorbed calcium phosphate cement remnants (Figure  
1C). In the 12-week specimens, sparse remnants of the calcium phosphate 
cement and morsellized cancellous bone were occasionally completely 
surrounded by newly formed trabecular bone (F ig u re  1D), and no signs of 
inflammation were observed.
In the morsellized cancellous bone group at 12 weeks, femoral heads 
showed complete incorporation and remodeling to a new trabecular structure 
organized as normal intact bone (Table 2). The density of the new trabecular 
bone was similar after 6 weeks and 12 weeks.
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In the morsellized cancellous bone group and the morsellized cancellous 
bone/calcium phosphate cement group, some fibrous tissue was present 
between the implant materials and the newly formed trabecular bone. At 6 and 
12 weeks postoperatively, the percentages of necrotic bone graft remnants in 
the morsellized cancellous bone/calcium phosphate cement group are 
comparable with the morsellized cancellous bone group.
In the empty defect group, only partial new bone formation (37%) was 
seen along the borders of the defect at 12 weeks followup (Table 2). A substantial 
area of normal-looking fatty marrow tissue was found in the center of the 
original defect. If present, the scarce bone trabeculae in the center of the defect 
were very thin (Figure 1E).
Group Follow-up (weeks) Fat Tissue Fibrous Bone Trabecular Bone Necrotic Bone
Control 12 40(16.5) 13 (13.4) 37 (6.12) 1 (1.99)
MCB 6 0 (0) 11 (4.3) 46 (6.71) 32 (4.56)
MCB 12 12 (10.1) 8 (5.6) 70 (15.7) 2 (3.75)
MCB/CPC 6 0 (0) 20 (15.3) 33 (18.9) 38 (28.7)
MCB/CPC 12 14 (9.54) 26 (13.9) 47 (15.3) 6 (12.3)
Table 2. Quantification of Cross-Sectional Areas of the Defects in the Examined Groups
Values are expressed as mean percentage (standard deviation); M C B  = morsellized cancellous bone
grafts; C PC  = calcium  phosphate cement
Although there were initially no differences in clinical behavior between 
the treatment groups, and no infections occurred, the three control goats in 
which the defects in the femoral heads were left empty showed signs of 
lameness starting 7 weeks postoperatively. There were no major complications 
during surgery. However, one goat in the morsellized cancellous bone/calcium 
phosphate cement group had a small perforation of the cranial dorsolateral part 
of the femoral head after impaction. This goat was included in further analysis. 
All animals resumed full weightbearing after being released from the hammock. 
One goat in the morsellized cancellous bone/calcium phosphate group was 
euthanized 5 weeks postoperatively because of subluxation of the hip 
complicated by a pressure sore on the leg. This goat was excluded from the 
study.
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Figure 1F
A  histologic section of a femoral head 
treated w ith  m orsellized cance llous 
bone on ly  is show n. There was 
persistence of the defect w here  the 
trapdoor had been made. Fibrous 
tissue (f) is evident underneath the 
cartilage (c) where no growth of bone 
was found (Stain, hematoxylin and 
eosin; original magnification, x25).
Figure 1A
A  section from the m orsellized 
cance llo us bone/calcium  phosphate 
cem ent group 6 weeks postoperatively 
is show n. N o  incorporation can be 
observed. The defect is filled m ainly 
w ith  necro tic cance llous bone grafts 
(nb), fibrous tissue (f), and calcium  
phosphate cement (c) (Stain, hematoxylin 
and eosin; original magnification, x100).
Figure 1B
A  section from the m orsellized 
cance llous bone/calcium  phosphate 
cement group 6 weeks postoperatively 
is shown. Resorption of necrotic bone 
(nb) and calcium  phosphate (c) can be 
seen by osteoclasts (oc) lying in shallow 
lacunae on the surface. Arrows indicate 
apposition of new  bone on bone graft 
remnants (Stain, tartrate-resistant acid 
phosphatase; original m agnification, 
x400).
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Figure 1C
A  section from the morsellized 
cancellous bone/calcium phosphate 
cem ent group 6 weeks postopera­
tive ly is shown. Osteoid (arrows) is 
deposited directly onto the surface of 
the ca lc ium  phosphate cem ent (c) 
(Stain, Goldner's trichrome; original 
magnification, x400).
Figure 1D
A  section from the morsellized 
cancellous bone/calcium phosphate 
cem ent group 6 weeks post­
operatively is shown. Remnants of 
ca lc ium  phosphate cem ent (c) and 
necrotic bone (nb) becom e 
embedded in newly formed trabecular 
bone (tb) (Stain, tartrate- 
resistant acid phosphatase; original 
magnification, x400).
-s
■ .
1,
Figure 1E
An em pty defect section is shown. 
The original defect is filled w ith fatty 
tissue (f) and minimal amount of bone 
(b). Active bone apposition is present 
along the borders (arrows) (Stain, 
hem atoxylin  and eosin; original 
magnification, x1 00).
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D iscussion
The treatment of advanced stages of osteonecrosis in young patients remains a 
challenge for orthopedic surgeons. Femoral head-preserving procedures are the 
preferred treatments to prevent or reconstruct the collapse, subsequently delaying 
the process of osteoarthritis. An attractive technique for younger patients is 
treating femoral head osteonecrosis by bone impaction grafting. In this 
procedure, we used the lateral approach like in traditional core biopsy to remove 
the osteonecrotic lesion and impacted bone grafts to regain sphericity and 
prevent collapse. This method is attractive as a salvage procedure, is relatively 
simple, and does not interfere with eventual future hip arthroplasty. Sixty percent 
of patients with a preoperative collapse showed a clinically successful result. 
However, the technique does not prevent the progression of collapse. The mean 
onset of this progression of collapse was at 9 months postoperatively (range, 2-22 
months). In these cases, the contour of the femoral head could not be preserved, 
possibly because of inadequate revascularization and insufficient structural 
reinforcement during the healing phase.
We hypothesized adding calcium phosphate cement to the morsellized bone 
grafts would enhance the process of incorporation and remodeling compared with 
the use of morsellized cancellous one alone. The increased initial stability of the 
mixture of calcium phosphate cement with morsellized cancellous bone and the 
relatively slower process of resorption of the mixture of morsellized cancellous bone 
and calcium phosphate cement, compared with morsellized cancellous bone alone, 
would allow the incorporation and remodeling into a new trabecular bone without 
mechanical weakening and in this way prevent the femoral head to collapse. In this 
way, the bone impaction grafting technique as treatment for osteonecrosis of the 
femoral head could be improved for patients with collapse of the femoral head. 
However, the group in which we used the combination of calcium phosphate 
cement and morsellized cancellous bone showed inferior incorporation and 
remodeling compared with the use of morsellized cancellous bone alone.
Because there is no animal model for late-stage osteonecrosis with 
collapse of the femoral head, we used a critically sized defect model in the goat 
to test our hypothesis. Although we considered developing a bone impaction 
grafting model through the femoral neck similar to what we performed 
clinically, this was not possible in goats because it is technically not feasible. 
Therefore, we tested our nonvascular bone impaction grafting procedure using 
the trapdoor procedure. W e created the trapdoor on the anterolateral surface of 
the femoral head. It was partially situated in the weightbearing area and 
subsequently partially loaded, mainly during flexion of the leg.
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Because this study was developed as a pilot study and consequently no power 
analysis and statistical analysis were performed, our results can only give 
direction to future studies. Furthermore, because a critically sized defect model 
in an animal was used, an equal standardized defect in the femoral head could 
not be obtained. However, because all goats were of the same age, the sizes of 
the femoral heads were approximately the same. Defects on the radiographs 
also appeared the same size.
To improve the grafting procedure, we added an osteoconductive
biomaterial. In our opinion, a nonresorbable cement as stand-alone material in
2 1
late-stage osteonecrotic femoral heads is not reasonable. W ood et al 
described a study of 22 hips with A R C O  stage 3 osteonecrosis treated with 
open reduction and fixation with methylmethacrylate cement. There was a 
failure rate of 2 7 %  at short-term followup and the progression of collapse was 
not prevented.
The biomaterial we used in our study is a calcium phosphate cement. In 
the United States and Canada, it is distributed as a-BSM  (ETEX Corp, 
Cambridge, MA). It is well known for its biocompatibility with bone tissue and
. . 2,4,5,10,13,18 . ..
its osteoconductive properties. The cement functions as a temporarily
scaffold to support new bone formation it is well known for its biocompatibility. 
Ideally, after implantation, the cement is slowly resorbed and remodeled, after 
which the original bone architecture can be restored.2,5 One animal study using 
calcium  phosphate cement had favorable results in mechanical stability in 
fixated segmental defects: extensive new bone formation was seen at 1 2  weeks 
postoperatively in a diaphyseal model in sheep .2 The investigators found high 
mechanical stability under torsion testing, superior to autogenous transplants. 
Another study showed an equivalence in biom echanical strength between 
autograft and Biobon in a canine femoral defect model measured at different 
times .5 Clinical studies have shown the successful application of Biobon in 
fracture treatment.6,13
Based on the literature, we hypothesized calcium  phosphate cement 
could enhance osteotransduction. Cancellous bone graft alone is known to 
completely incorporate rapidly into new bone structure.17 In the defects in 
which we used only morsellized cancellous bone, the incorporation and 
remodeling in the femoral heads was almost complete 1 2  weeks postoperatively. 
Although there was some bone formation in the empty defects, the differences 
with the morsellized cancellous bone specimens were large, indicating the 
defect can indeed be considered critically sized at the time investigated in our 
study. The combination of morsellized cancellous bone and calcium phosphate 
cement is known for its favorable incorporation behavior.19
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However, in our model, rapid resorption of the mixture was observed without 
concomitant new bone formation. At 6 and 12 weeks postoperatively, the 
quantity of newly formed bone was considerably less compared with the 
morsellized cancellous bone group. At 12 weeks postoperatively, the increase 
of new trabecular bone in the morsellized cancellous bone group was more 
than two times greater than that in the morsellized cancellous bone/calcium 
phosphate cement group. This was also confirmed by radiographs that showed 
a better healing response in the morsellized cancellous bone group.
Thus, the addition of Biobon to cancellous bone grafts did not improve the 
process of incorporation and remodeling into new bone compared with 
morsellized cancellous bone alone. The reason for the lack of new bone 
formation in the mixture is not known.
A relatively high resorption rate of the calcium phosphate cement was 
also seen in other animal studies in which most of the Biobon was remodeled 
and then disappeared within 6 to 12 weeks postoperatively.2,5,20 In most 
patients, resorption was complete within 6 months after implantation of the 
Biobon.2 In a study in which Biobon was used as bone filler in a vertebroplasty, 
the initial defect was only partially filled with dense bone.18 An area of 
connective tissue covered a substantial area in the vertebral body, and the 
degradation rate of the synthetic bone substitute seemed faster compared with 
the ingrowth of bone tissue.18
In our opinion, Biobon was not suitable to use in combination with 
cancellous bone grafts in our critically sized animal model. Biobon showed 
biocompatibility and bioresorbability; however, its osteoconduction was 
restricted. A high rate of fibrous tissue formation was seen and incorporation 
and remodeling into new trabecular bone was insufficient.
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Introduction
Osteonecrosis of the hip is a painful disorder mostly affecting young patients. 
Without specific treatment, osteonecrosis will lead to collapse of the femoral 
head and secondary osteoarthritis of the hip.1 Femoral head-preserving treatments 
should slow down or even prevent the progress of collapse and degenerative 
changes. The goal is to postpone the final treatment with a total hip arthroplasty 
(THA) as long as possible. When earlier femoral head-preserving treatments fail, 
THA seems to be the final treatment of choice. This underscores the importance 
of femoral head-preserving procedures that not do hamper the technical 
procedure and outcome of a subsequent THA.
The transtrochanteric rotational osteotomy (TRO) for treatment of 
osteonecrosis of the femoral head was introduced by Sugioka2 in 1972. This is a 
method in which the necrotic segment of the femoral head is rotated out of the 
weight-bearing area of the acetabulum. This is done after the greater trochanter is 
osteotomized and the medial circumflex femoral artery carefully preserved. An 
osteotomy is made perpendicular to the neck and the proximal femur is rotated 
around the axis of the femoral neck and fixated. In the authors' experience, with 
a mean follow-up of 8.7 years, 17 of 26 hips were converted to a THA. The 
clinical survival rate was 56% after 7 years and the radiological survival rate was 
54% after 1 year3. The promising clinical results achieved by Sugioka4 (success 
rate 78% after 3-1 6 years of follow-up) cannot be matched by other surgeons. This 
is especially true for studies by European and American surgeons, who had 
disappointing results, mainly because of early osteoarthritis.3,5-7
Another femoral head-preserving treatment for osteonecrosis of the femoral 
head is the bone impaction grafting (BIG) technique. In this technique, a lateral 
approach is used as in traditional core decompression. The osteonecrotic lesion 
inside the femoral head is removed and impacted bone grafts are used to regain 
stability and sphericity and to prevent collapse. In the authors' experience, a 
mean follow-up of 42 months, eight hips (29%) were converted to a THA. Of the
20 reconstructions that were in situ, 18 were clinically successful (90%) and 70% 
were radiologic successful.8
THAs performed after sub- or intertrochanteric osteotomies are known to 
have a higher rate of complications when compared with patients without 
previous osteotomy.9-12 The perioperative and postoperative outcome of THA after 
a TRO according to Sugioka may be declined because of an anatomic deformity 
in the proximal femur after this osteotomy.
THA as a treatment modality in patients with osteonecrosis was initially 
associated with inferior long-term results.13-20
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Cemented THAs using the latest generation cementing techniques and also hybrid 
and uncemented implants have improved these results remarkably.21,22
The purpose of this study was to evaluate the complications and the clinical 
and radiologic outcome of THA after failed TRO according to Sugioka (THA after 
TRO), and after failed B IG  technique (THA after BIG) for osteonecrosis of the 
femoral head. The authors hypothesize that the BIG  technique would lead to fewer 
complications and a better clinical outcome for a subsequent THA, compared with 
patients who underwent a TRO according to Sugioka before THA was performed.
Materials and methods
THA after TRO according to Sugioka
From September 1992 to February 1997, 26 consecutive hips in 22 patients with 
osteonecrosis of the femoral head were treated with TRO according to Sugioka. 
The age of the patients at time of the osteotomy was 30 years (range, 22-46 years). 
The original peri- and postoperative protocol by Sugioka was strictly followed, 
including the post-treatment protocol of nonweight bearing for 6 months. All 
operations were all performed by one surgeon (JW M G ), who studied the 
technique in Japan by Sugioka.
After a mean follow-up time of 4.7 years (range, 1.4-10.1 years), a THA was 
performed on 1 7 hips from 14 patients after a failed TRO. One patient was lost to 
follow-up. The authors investigated 16 hip joints in 13 patients with a minimal 
follow-up of 2 years (Table 1). Before Sugioka's osteotomy was performed, the 
hips were graded for osteonecrosis using the staging system of the Association 
Research Circulation Osseous (ARCO).23 However, according to Steinberg and 
colleagues,24 Stage 3 was subdivided into "early" (without collapse of the femoral 
head) and "late" (with a collapse). Four hips were classified as Stage 2CC, one 
was Stage 3CC early, ten were Stage 3CC late and one hip was classified as Stage 
3CB late. The mean age at time of THA was 35 years (range, 24-53 years). The 
average follow-up after conversion to THA was 6.4 years (range 2.2-12.7 years).
The reason for conversion to a THA was a failure of the TRO because of 
culture-proven infection in two cases: one after the index surgery, the second after 
removal of screws because of pain in a consolidated osteotomy. In both cases this 
resulted in a resection arthroplasty despite debridement and treatment with 
antibiotics. After antibiotic treatment of the infection, both were successfully 
converted to a THA. In two cases there was failure of the osteosynthesis material: 
in one patient a nonunion of the osteotomy 29 months after surgery. In 11 hips, a 
conversion into a TH A  was done because of symptoms relating to severe 
secondary osteoarthritis.
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In one patient the osteosynthesis material was removed before THA was done. In 
all other patients it was done during the THA operation. Four patients underwent 
a re-operation before THA was performed; screws were changed for a dynamic 
hip screw in two patients and screws were changed for an angular plate in two 
other patients.
THA AFTER BIG
Between 1992 and 2004, the authors performed BIG in 60 hips in patients with 
osteonecrosis of the femoral head. All operations were done by one surgeon 
(JWMG). The authors included all patients that underwent a THA after failed 
BIG for osteonecrosis of the femoral head, with a minimum follow-up of 2 
years. From February 1999 to September 2004, THA was performed in 17 hips 
from 14 patients; no patient was lost to follow-up (Table 1). Before BIG was 
performed, hips were graded according to the ARCO staging system, modified 
by Steinberg.23,24 One hip was classified Stage 2BC, two were Stage 2CC, four 
were 3CC early, nine were 3CC late, and one hip was classified as Stage 3CB late.
The mean age at the time of the THA was 39 years (range, 25-49 years). 
THA was done at a mean follow-up time of 2.3 years (range, 0.5-5.7 years) after 
BIG was performed. The average follow-up after conversion into THA was 4.2 
years (range, 2.1-7.3 years). The reason for conversion to a THA was because of 
complaints caused by pain from severe secondary osteoarthritis in all cases. No 
reoperations were performed between the BIG and the subsequent THA and no 
infections occurred.
All THAs that were performed were cemented total hips. The Exeter total 
hip system (Stryker, Newbury, U.K.) was used in all replacements, except in one 
where a Charnley Elite Plus total hip prosthesis (DePuy, Leeds, U.K.) was used.
The clinical follow-up of both groups of all patients consisted of the 
determination of preoperative and postoperative serial Harris Hip Scores 
(HHS),25 and serial anteroposterior and lateral radiographs were used for the 
radiographic follow-up. The complication rate was determined; 
complications were defined as infection after THA, dislocation of THA, 
revision of THA for any reason, and radiologic loosening of THA. Valgus or 
varus stem malalignment was defined as deviation from the longitudinal 
femoral axis of more than 2 degrees measured on the anteroposterior 
radiographs.
Radiolucent lines of the femoral stem were allocated to Gruen regions 1 -7.26 
A femoral stem was regarded loose if radiolucent lines greater than 2 mm were 
present around the entire implant. Radiolucency of the socket was assessed on
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the anteroposterior radiographs with the method of DeLee and Charnley,27 with 
a radiolucent line measuring 2 mm in width considered as loosening of the 
cup. Heterotopic ossification was classified according to the system of Brooker 
and colleagues.28
Sugioka BIG
Number of patients (hip joints) 13 (16) 14 (17)
Sex (male : female) 9:4 12:3
Affected Side (right:left) 
Cause of osteonecrosis
6:10 11:6
-Corticosteroids 9 9
-Idiopathic 4 3
-Alcohol - 2
-Posttraumatic 3 2
-Hyperlipidemia - 1
Body mass index 24(20-33) 26 (19-35)
Age at time of Sugioka/BIG (years) 30(22-46) 37 (24-46)
Age at time of THA (years) 35 (24-53) 39 (25-49)
Time interval Sugioka/BIG - THA (years) 4.7 (1.4-10.1) 2.3 (0.5-5.7)
Follow-up (years) 6.4 (2.2-12.7) 4.2 (2.1-7.3)
Table 1. Patient characteristics
Statistical analysis
The generalized Wilcoxon test was used to test differences in progression 
between the groups for statistical significance. Fisher's Exact test was used to test 
differences between the groups for statistical significance in case of two-by-two 
tables. A P value of less than 0.05 was considered statistically significant.
Kaplan-Meier's survivorship analysis was used to assess the survival of the 
THA with revision of the acetabular or femoral component for any reason.
Results
In the THA after TRO group, several difficulties were encountered during THA 
surgery. The original anatomy was grossly disturbed. The external rotators were 
completely unrecognizable in most cases. In two cases, locating of screws and 
cerclages was difficult. In another two cases the screws could not be removed 
and the femoral head had to be resected into pieces before the screws could be
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taken out. In all conversions into THA, vast amounts of fibrous and connective 
tissue restricted a reasonable progress of surgery significantly. The proximal 
femur was anatomically highly distorted. The preplanned prosthesis could not 
be fitted in most cases.
No perioperative com plications were observed in the TH A  after B IG  
group. After surgery, all patients followed a standard rehabilitation and training 
program as generally used for patients after a total hip arthroplasty.
The operating time in TH A  after TRO  (median 158 minutes; 9 5 %  
confidence interval or CI 135-185) was significantly longer (p = .0042, 
W ilcoxon test) than in TH A after B IG  (median 120 minutes; 9 5 %  CI 97-140). 
Perioperative blood loss in TH A after TRO  (median 1,350 cc; 9 5 %  CI 1050­
1750) was significantly more (p = .0014, W ilcoxon test) than in TH A after BIG  
(median 750 cc; 95%  CI 535-950). Average hospital stay in THA after TRO  was
11 days (range, 7-30 days), compared with an average of 9 days (range, 6-1 7 
days) in THA after B IG  (p = .08, W ilcoxon test) (Table  2).
THA after Sugioka THA after BIG P
Blood loss (cc) 1,386 cc (400-2,600cc) 787cc (180-2,500) 0.0014 (Wilcoxon test)
Operation time (minutes) 161 (1 5-235) 123 (70-188) 0.0042 (Wilcoxon test)
Hospital admission (days) 11 (7-30) 9 (6-17) 0.08 (Wilcoxon test)
Postoperative infections 2 0 0.2273 (Fisher's exact test)
Postoperative luxations 2 0 0.2273 (Fisher's exact test)
HHS preoperative 52 (28-81) 42 (16-69) 0.06 (Wilcoxon test)
HHS postoperative 89 (53-100) 91 (40-100) 0.94 (Wilcoxon test)
Table 2. C lin ica l assessment of total hip arthroplasty after failed transtrochanteric rotational 
osteotomy according to Sugioka and after failed bone impaction grating
In the postoperative phase, two patients in the TH A after TRO group developed 
a culture-proven infection. The first patient developed an infection with a 
Pseudomonas aeruginosa 26 months after the index operation was performed 
and ended in a resection arthroplasty. This infection was treated with antibiotics 
and 8 months later, a new TH A could be placed successfully. Another patient 
developed an infection with a methicillin-resistant Staphylococcus epidermidis
3 months after the index operation. This was initially treated with debridement 
and treatment with antibiotics. However, 6 years after the TH A was performed, 
the infection recurred and the TH A had to be removed.
Twenty months later a new TH A was performed. In the THA after B IG  group, no 
infections occurred.
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In the TH A after TRO  group, two patients had dislocations of the THA. One 
patient underwent surgery for refixation of the greater trochanter after two 
dislocations. The other patient underwent revision of the THA 3 years after the 
initial THA was performed. In the THA after BIG  group, no dislocations occurred.
In the TH A  after B IG  group, in one case, revision of the socket was 
performed 28 months after placement because of aseptic loosening.
The overall average H H S for the group before TH A  after TRO  was 52 
points (range, 28-81 points), which improved to 89 points (range, 53-100 
points) at final follow-up. The average HHS for the group before THA after BIG  
was 42 (range, 16-69 points), which improved to 91 points (range, 40-100 
points) at final follow-up.
The increase of H H S per year is significantly higher for the group THA 
after B IG  compared with the group THA after TRO  (p = .0004). After excluding 
the failures resulting from infection or revision for any reason, the mean HHS 
for the group TH A  after TRO  was 50 points (range, 28-68 points), which 
improved to 93 points (range, 73-100 points) at final follow-up. The mean HHS 
for the group before THA after B IG  was 43 (range, 1 6-69 points), which 
improved to 94 points (range, 83-100 points) at final follow-up.
Kaplan-Meier analysis, with revision of THA for any reason as endpoint 
(Fig. 1), shows a decline in survival for the THA after TRO  group.
1.0 H Figure 1. Kaplan-Meier survivorship curves 
for total hip arthroplasty after failed B IG  
(dashed line) and after failed T R O  according 
to Sugioka (dotted line), w ith revision of the 
acetabu la r or fem oral com ponent for any 
^  reason as endpoint. (p = .17, M antel-Cox
log-rank test).■£ 0.4 "
oa  -o
0.0
4 6 8 10 
Years
The overall complication rate for the THA after Sugioka group is 31%  (5 
out of 1 6). The complication rate for the THA after B IG  group is 6 %  (1 out of 
17). After excluding the two patients with infections, the overall complication 
rate for the TH A after Sugioka group is 1 9 %  (3 out of 1 6).
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Radiology
In the THA after TRO  group, the position of the femoral prosthesis was neutral 
in three hips, ten hips had a varus position (Fig. 2), and three hips had a valgus 
position. In the TH A after B IG  group, the position of the femoral prosthesis was 
neutral in eight hips, eight hips had a varus position, and one hip had a valgus 
position. In the THA after TRO  group, five hips had more than 4 degrees of 
malalignment, compared with three hips in the TH A after B IG  group.
In the THA after TRO group, in one patient a radiographic loosening of the 
socket was observed. In this case there was also accompanying radiolucency in 
Gruen zones 2 and 3 of the stem 26 months after TH A placement. At time of 
follow-up, no revision of this THA was performed.
In the TH A after TRO  group, in two hips there was radiolucency in zone 1 
of the socket without signs of radiographic loosening. This was also observed in 
one hip of the THA after B IG  group. In the THA after TRO group, subsidence of 
the stem of 1 mm was observed in three hips and broken cerclage wires of the 
major trochanter in two hips. In both groups, a periarticular ossification was 
observed in one hip, a Brooker grade 1 in the TH A  after B IG  group, and a 
Brooker grade 2 in the THA after TRO  group.
Figure 2A. X-ray of a patient w ho  underwent a T R O  
accord ing  to Sugioka because of a noncollapsed 
osteonecrosis of the femoral head. The reason for 
conversion into a total hip arthroplasty 36 months 
after the osteotomy was because of complaints of 
progressive secondary osteoarthritis w ith a Harris 
H ip Score of 53 and major restrictions in the range 
of motion of the hip joint.
Figure 2B. X-ray of the same patient 1 0 years after 
total hip arthroplasty w as perform ed. The stem is 
positioned in a 6 degrees varus malalignement.
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D iscussion
The purpose of this study was to evaluate the complications and the clinical 
and radiologic outcome of THA after failed TRO according to Sugioka (THA 
after TRO) and after failed BIG technique (THA after BIG) for osteonecrosis of 
the femoral head. THA after TRO compared with THA after BIG led to a higher 
complication rate; that is, the rate of revision THA for any reason, radiologic 
loosening of the THA, infections, and dislocations, was higher. This led to a 
complication rate of 31% in the THA after Sugioka group, compared with only 
6%  for the THA after BIG group. Furthermore, in the THA after Sugioka group, 
operation time was longer, there was more perioperative blood loss and the 
duration of hospital admission was longer compared with the THA after BIG 
group. However, because of the relatively low number of patients and a 
midterm follow-up period, the survival was not significantly different.
Sugioka's osteotomy is a technically highly demanding procedure with 
disappointing results in non-Japanese studies.5-7 The authors described their 
experience with this osteotomy earlier,3 and the high rate of problems with 
osteosynthesis, infections, and the inability to delay the osteoarthritic process 
effectively. Revision into a THA after a failed TRO according to Sugioka is a 
challenging procedure.
Different studies describe the outcome of THA after an osteotomy of the 
proximal femur. The report of Kawasaki and colleagues11 is the only study that 
describes the outcome of hips that were converted to a THA after a failed TRO. 
Their complication rate was 26%, but they concluded that the osteotomy did 
not influence the outcome of a secondary THA. They do describe a 
significantly longer operation time in the THA after TRO group and 
significantly more blood loss in the THA after TRO group, compared with a 
matched control group with primary THA for osteonecrosis of the femoral 
head. The technical difficulties were mainly because of the rotational change 
in the geometry of the proximal part of the femur. In the authors' study, varus 
malalignment of the femoral prosthesis was observed, mainly in the THA after 
TRO group. This was caused by the deformity of the proximal femur after the 
osteotomy and the progressive varus deformity of the neck of the femur that 
could be observed in some patients.
Boos and colleagues9 stated that THA after previous intertrochanteric 
osteotomy is technically more demanding with a longer operating time, but not 
necessarily associated with a higher rate of complications. There was, however, 
a trend towards improved survival in the group without previous osteotomy. 
Ferguson and colleagues10 report technical failures at operation in 23% and a
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total perioperative complication rate of 11.8% in patients who received a THA 
after failed intertrochanteric osteotomy.
Soballe and colleagues29 concluded that when an intertrochanteric 
osteotomy is only slightly displaced, it can be used to treat osteoarthritis 
without sacrificing the quality of a subsequent cemented total hip replacement. 
This correlates with the study of Breusch and colleagues,30 who found similar 
outcome of uncemented THA after intertrochanteric osteotomy and patients 
with regular femoral anatomy. Shinar and Harris12 stated that intertrochanteric 
osteotomy, in general, did not affect the expected excellent results of the 
femoral component using modern cementation techniques. Severe deformity 
following subtrochanteric osteotomy, however, did adversely affect the 
outcome. Haverkamp and colleagues31 suggest the longterm outcome of a 
cemented THA is not impaired by a previous well-performed osteotomy. In their 
article, they give a clear overview and comparison of the available literature 
about this topic.
Iwase and colleagues32 compared cemented and uncemented THA after 
intertrochanteric osteotomy of the proximal femur and found that survivorship 
of cemented stems was significantly higher than that of conventional 
cementless stems.
The BIG technique is a salvage procedure developed for osteonecrosis of 
the femoral head.8 At midterm, follow-up results were promising. Furthermore, 
in the authors' opinion, the procedure does not intervene with revision into a 
THA afterwards. This is confirmed by Rosenwasser and colleagues,33 who did 
not find technical difficulties while performing THA after cancellous bone 
grafting using the lightbulb procedure for osteonecrosis of the femoral head. 
Mont and colleagues34 used the trapdoor procedure using cortical and 
cancellous bone grafts for treatment of osteonecrosis of the femoral head. In the 
patients who required conversion into THA, procedures were performed 
without complications related to the previous trapdoor procedure.
THA as treatment modality in patients with osteonecrosis was initially 
associated with inferior long-term results. Different causes are mentioned 
including the relative youth of patients, their long life expectancy, the inferior 
quality of bone with different tissue response, and persistent defects in bone 
mineral metabolism.13,15-18 Especially when performed in hips with advanced 
stages of osteonecrosis and in patients under 30 years old, total hip 
replacement showed universally bad results.14,19,20 Failure rates were four times 
higher than the same procedure performed in osteoarthritic hips.20 The latest 
generation cementing technique and hybrid and uncemented components have 
improved on these early results.21,22
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In the authors' opinion, the higher rate of complications and revision of THA in 
the THA after TRO group was caused by the disturbed anatomy after the TRO. 
In the THA after BIG group, the initial anatomy is not disturbed as after an 
osteotomy.
Summary
Results are presented for THA after failed TRO (THA after TRO) according to 
Sugioka and after failed BIG (THA after BIG), both initially performed for 
osteonecrosis of the femoral head. After a minimal follow-up of two years, 33 
hips were studied. In THA after TRO when compared to THA after BIG, clinical 
and radiologic outcome was less favorable, more complications were observed, 
and there was a higher revision rate in a technically more demanding 
procedure.
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G eneral discussion  and  summary
It is most important in the treatment of osteonecrosis to diagnose and treat the 
disease in an early stage. The outcome of femoral head preservative procedures 
is definitely influenced by collapse of the femoral head and the size of the 
necrotic segment1. When the size of the lesion is limited and for patients in 
ARCO stage 1 or 2 which are asymptomatic, it can be advocated to be 
conservative and only follow up the patients at regular intervals. In symptomatic 
and more extensive lesions, progression of the disease is inevitable without 
adequate treatment2. Patients that use corticosteroids appear to have a worse 
prognosis compared to patients with another etiology of osteonecrosis3,4, which 
necessitates a more aggressive treatment strategy.
Patients with osteonecrosis in a precollapsed stage who underwent 
surgical treatment, e.g. core decompression or nonvascularized bone grafting, 
in general have a good prognosis5-8. Patients in ARCO stage 3 late or stage 4 do 
worse. Patients with osteonecrosis in a postcollapse stage will need a THA even 
after a femoral head preserving procedure. It is advisable to postpone an 
arthroplasty if possible, but head preserving surgery should not compromise 
future THA. With recent advances in THA, both in techniques and materials, the 
survival of implants in patients with osteonecrosis has improved. This implies 
that femoral head preserving techniques with high morbidity, modest results 
and complicating subsequent THA should be avoided.
The transtrochanteric rotational osteotomy was introduced by Sugioka in 
1 9729. The promising clinical results achieved by Sugioka10 could however 
not be reproduced by various European and American studies11-13. High 
failure rates with disappointing clinical and radiological outcome measures 
have been reported. The purpose of the procedure is to prevent progression of 
collapse and slow down the process of secondary degenerative changes. As 
described in Chapter 2, this could not be achieved among the investigated 
group of Caucasian patients. The original after treatment procedure of 6 
months of non-weight bearing was strictly followed. All operations were 
performed by a single surgeon (JW M G), who studied the technique by 
Sugioka in Japan. The clinical outcome after 8.7 years was acceptable in only 
one third of the patients. The radiographic outcome was very disappointing 
with radiographic degenerative changes in 88% of all patients. Finally, sixty- 
five percent of all hips were converted to a Total Hip Arthroplasty, because of 
a secondary osteoarthritis that could not be prevented by the osteotomy. A 
high rate of complications was also observed; breakage of screws, non-unions 
and infections.
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In Chapter 6, a high rate of complications was observed in the patients that 
underwent a THA after a failed osteotomy according to Sugioka. The high 
complication rate implies that we cannot recommend the transtrochanteric 
osteotomy according to Sugioka as an alternative for a THA in the treatment of 
osteonecrosis in Caucasian patients.
In non-vascularized bone grafting, the necrotic area is removed from the 
femoral head and the created cavity filled with bone grafts. Different surgical 
techniques have been described to approach the necrotic segment14-19. Most 
studies show acceptable results in pre-collapsed stages, but after appearance of 
the crescent sign on the radiographs, results deteriorate. This probably occurs 
because of insufficient support of the weakened subchondral layer and 
fracturing of the cartilage.
The aim of bone impaction grafting for osteonecrosis of the femoral head 
or condyles was to improve clinical results and to prevent collapse and 
subsequently deterioration of development of osteoarthritis. The goal is to 
postpone the need for a Total Knee or Total Hip Arthroplasty in young patients 
and the technique should not hamper a future implantation of an arthroplasty.
Bone impaction grafting for osteonecrosis of the knee and femoral head 
has proven to be a simple, reproducible and safe technique. Bone impaction 
grafting improves the clinical outcome for patients treated for osteonecrosis of 
the femoral head, especially patients in pre-collapsed stages of the disease do 
well. Bone impaction grafting can be used in patients with or without a 
collapse of the femoral head. The ongoing osteoarthritis of the hip joint cannot 
always be prevented and repair of the collapse is not possible in all cases. The 
clinical and radiological results of this technique are optimal when surgery is 
done during an early stage of the disease.
For patients with osteonecrosis of the femoral condyles of the knee, results 
are promising at a midterm follow-up in a small series of younger patients with 
osteonecrosis due to corticosteroid use. No progression of collapse and only 
minimal progression of osteoarthritis was observed. In addition, the technique 
is not likely to make future implantation of a total knee prosthesis more difficult 
as the joint space remains intact and the bone stock is reconstructed. The 
number of patients studied is limited and results are presented only after mid­
term follow-up.
Impacted trabecular bone grafts alone do not prevent the progression of 
an already present collapse and subsequent do not prevent osteoarthritis in late- 
stage osteonecrosis of the hip. As described in Chapter 5, a mixture of 
impacted morsellized cancellous bone grafts with a Calcium Phosphate cement 
was used in a pilot study for reconstruction of a critical sized defect in the
113
Chapter 7
femoral head of goats. W e hypothesized that this mixture would provide 
mechanical stability allowing remodelling into new bone without femoral head 
collapse.
Calcium phosphate cement is osteotransductive, ie, it is resorbed during 
and after revascularisation, it is simultaneously transformed into new bone 
tissue and it has increased initial compressive strength and stiffness properties 
compared to cancellous bone. In our study a relatively rapid resorbing calcium 
phosphate cement was used. This resulted in an inadequate incorporation and 
remodelling into a normal trabecular structure. The mixture was mainly replaced 
by fibrous or fatty marrow. The used calcium phosphate cement showed 
biocompatibility, although, its osteoconduction was limited. As a consequence, an 
injectable, sculptable and fast setting bone substitute (HydrosetTM) is nowadays 
added to the bone impaction grafting procedure for patients in stage 3 early and 
stage 3 late. Hydroset is a calcium phosphate cement that converts to 
hydroxylapatite20 and is an effective biocompatible, osteoconductive and 
osteointegrative material. In the surgical procedure, after removing the necrotic 
bone, Hydroset™ is injected in the femoral head. It is moulded as a disc and 
placed against the subchondral layer and subsequently; the traditional bone 
impaction grafting procedure is performed. The goal of using the calcium 
phosphate cement is to mechanically support the fractured subchondral layer in 
order to prevent or slow down the subchondral collapse of the femoral head and 
to provide an osteoconductive matrix for osseointegration.
THA as a treatment modality in patients with osteonecrosis was initially 
associated with inferior long-term results21-25. Different explanations are 
mentioned including the relative youth of patients and their long life 
expectancy, the inferior quality of bone with different tissue response and 
persistent defects in bone mineral metabolism. Especially when performed in 
hips with advanced stages of osteonecrosis and in patients under 30 years old, 
total hip replacement showed bad results26-28. Failure rates were four times 
higher compared to the same procedure performed in osteoarthritic hips28. The 
latest generation cementing technique, hybrid and uncemented components 
improved these results remarkably29-31.
Complications and clinical and radiological results of cemented Total Hip 
Arthroplasty after failed Transtrochanteric Rotational Osteotomy according to 
Sugioka (THA after TRO) and THA after failed bone impaction grafting 
technique (THA after BIG) for osteonecrosis of the femoral head were 
evaluated. THA after TRO compared to THA after BIG has a higher complication 
rate, e.g. the rate of revision for any reason, radiologic loosening, infections and 
dislocations is higher. The complication rate in the THA after TRO group is
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31 % , compared to only 6%  for the THA after BIG group. In THA after TRO, the 
required surgical time is significantly longer, there is significantly more peri­
operative blood loss and the duration of hospital admission is longer compared 
to the THA after BIG group.
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Developing a treatment algoritm for patients with osteonecrosis of the 
femoral head.
To develop a treatment plan for patients with osteonecrosis a number a patient- 
specific factors must be considered: age of the patient, general health, activity 
level and maybe the most important factor the expectations of patient and 
doctor. Osteonecrotic specific factors that must be considered are the stage of 
the disease and the size and location of the osteonecrotic lesion. The cause of 
osteonecrosis may be an important factor, as osteonecrosis caused by 
corticosteroid use should be treated more aggressively. The younger, healthier, 
and more active the patient, the greater is the indication for preservative treatment. 
However, even in the young patients, femoral heads with large lesions that have 
already collapsed can only incidentally be preserved.
An algorithm is presented for treatment of osteonecrosis of the femoral 
head. All the above mentioned patient specific factors should be kept during 
the process of decision making and can be reason to deviate from the suggested 
treatment modality.
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Diagnostic and Treatment Algorithm “Osteonecrosis of the Femoral Head” .
I
MRI
NORMAL ABNORMALI I
STAGE 0 STAGE 1 STAGE 2
I
MRI/CT-Scan
B C
▼
A B C
I I I
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STAGE 4
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A B C 
1 iMedication Bone Imp Grafting Bone Imp Grafting Total Hip Replacement 
Core Decompression 
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A
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Osteonecrose is het pathologische proces van afsterving van vitaal bot door een 
stoornis in de bloedvoorziening. Dit leidt uiteindelijk onder invloed van 
belasting tot degeneratie en destructie van het gewricht. De ziekte komt het 
meeste voor in de heupkop, maar kan in ieder bot voorkomen. Andere plaatsen 
waar het veel voorkomt zijn de femurcondylen, proximale humerus en de talus. 
De ziekte kan zich zowel unifocaal als multifocaal presenteren en komt in 75% 
van de gevallen voor bij patiënten tussen de 30 en 60 jaar. Ondanks veelvuldig 
onderzoek naar etiologie, pathogenese en behandeling van deze ziekte, zijn 
veel vragen met betrekking tot het pathofysiologische mechanisme en toepassing 
van verschillende behandelingen onbeantwoord.
Etiologie
Er zijn verschillende risicofactoren en ziektebeelden die de kans op het 
optreden van osteonecrose verhogen. Waarschijnlijk is het echter een ziekte die 
multi-factorieel bepaald is. De ontstaanswijze van osteonecrose van het 
heupgewricht kan grofweg onderverdeeld worden in 2 groepen: de traumatische 
en niet-traumatische oorzaken. Traumatische oorzaken van osteonecrose zijn 
bijvoorbeeld subcapitale fracturen van het collum femoris en traumatische 
heupluxaties waarbij een directe onderbreking van de vaatvoorziening naar de 
heupkop optreedt. De niet-traumatische oorzaken omvat een grote groep 
ziekten die een rol spelen in de etiologie zoals de ziekte van Caisson, 
thalassemie, sikkelcelziekte, de ziekte van Gaucher, etc. Ook komt osteonecrose 
meer voor bij patiënten die worden behandeld met een vorm van radiotherapie 
of chemotherapie. De belangrijkste niet-traumatische oorzaken zijn echter het 
gebruik van corticosteroïden of overmatig alcohol. Hiernaast bestaat er nog de 
idiopathische groep patiënten waarbij geen directe oorzaak kan worden 
aangetoond.
Corticosteroidgebruik als oorzaak van osteonecrose
Van alle patiënten die osteonecrose ontwikkelen heeft 28-52% een 
voorgeschiedenis van corticosteroïdgebruik, dit percentage loopt op tot 90% bij 
multifocale osteonecrose. Het tijdsinterval tussen corticosteroïdgebruik en het 
ontstaan van osteonecrose varieert van enkele maanden tot meer dan 3 jaar. Er 
is aangetoond dat bij orale inname van corticosteroïden elke stijging van de 
dosis met 10 mg/dag gedurende de eerste 6 maanden van de therapie, dit leidt 
tot een 4,6% toename in het optreden van osteonecrose. Er wordt tevens 
gesuggereerd dat kortdurend gebruik van hoge doseringen corticosteroïden
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geen risicofactor is voor het ontwikkelen van osteonecrose. Het effect van 
corticosteroïdgebruik blijkt vaak cumulatief te zijn en bij het stoppen van de 
therapie neemt de kans op osteonecrose weer af. Voorheen werden voornamelijk 
hoge incidenties van osteonecrose gezien bij patiënten die een orgaantransplantatie 
hadden ondergaan. Dit werd veroorzaakt door immunosuppressie gecombineerd 
met het gebruik van hoge doseringen corticosteroïden, onderliggende 
mineralisatiedefecten en een zwakker trabeculair bot. Tegenwoordig bestaat de 
immunosuppressie rondom een niertransplantatie uit tacrolimus en mycofenolaat 
waar prednison aan toegevoegd wordt. De doseringen van prednison zijn echter 
veel lager dan in het verleden toen ciclosporine en prednison als basis 
immunosuppressie werden gebruikt. Het risico op ontstaan van osteonecrose 
na een niertransplantatie is derhalve gedaald.
klinische diagnose
Patiënten met klachten van osteonecrose van de heup presenteren zich in het 
algemeen met liespijn, soms gepaard gaande met pijn in de bil. De pijn is 
meestel belastingsafhankelijk, hoewel klachten zich ook kunnen manifesteren 
in rust. De pijn is meestal langzaam progressief. Bij lichamelijk onderzoek kan 
een pijnlijk beperkte endorotatie van het heupgewricht gevonden worden.
Aanvullend onderzoek begint aanvankelijk met röntgendiagnostiek van 
het heupgewricht. Dit toont met name afwijkingen in de verder gevorderde 
stadia van de ziekte. De crescent sign ofwel subchondrale fractuur kan hierop 
beoordeeld worden, evenals de daarop volgende subchondrale inzakking en 
degeneratieve veranderingen van heupkop en acetabulum in het laatste 
stadium van osteonecrose.
Voor het aantonen van een klinische verdenking op osteonecrose is MRI 
echter het onderzoek van eerste keuze. Met name in de vroege stadia van de 
ziekte waarbij röntgenfoto s nog zonder afwijkingen zijn toont de MRI wel 
specifieke afwijkingen. De T1 opname toont een laag signaal van de subchondrale 
osteonecrotische laesie, meestal gelegen in het anterosuperieure deel van de 
heupkop. Een meer specifiek aspect is de double line sign dat gevonden 
wordt op de T2 opname. De buitenste lijn heeft een lage intensiteit, de 
binnenste lijn een hoge intensiteit. De hoge signaal intensiteit representeert een 
gebied van hyperaemie en granulatieweefsel ter plaatse van de overgang tussen 
vitaal en niet vitaal bot.
Botscintigraphie heeft een lage sensitiviteit, met name in vroege stadia van 
osteonecrose, voor het diagnosticeren van osteonecrose en is derhalve niet 
geschikt als screeningsmedium.
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Classificatie
Het classificeren van verschillende stadia van osteonecrose is van groot belang 
voor de behandeling. Het succes van de behandeling is gerelateerd aan het 
stadium waarin begonnen wordt met de behandeling. Een bekend 
classificatiesysteem is dat zoals ontwikkeld door de Association Research 
Circulation Osseous (ARCO). Het is een classificatiesysteem dat gebruikelijke 
andere systemen combineert en waarbij de osteonecrose in de diverse stadia 
ingedeeld kan worden op basis van klinische en radiologische bevindingen. Er 
wordt tevens een onderscheid gemaakt in grootte en locatie van de laesie, 
belangrijk in verband met de mechanische belasting en dus het risico op 
inzakken van het aangedane fragment in de heupkop.
Behandeling
Een belangrijk aspect bij de behandeling van osteonecrose is dat hoe lager het 
stadium waarin de ziekte gediagnosticeerd wordt, des te beter de prognose van 
de behandeling is. Zonder behandeling is klinische en radiologische progressie 
van de ziekte meestal onvermijdelijk en is het plaatsen van een totale 
heupprothese uiteindelijk de enige resterende behandeling. Gezien het feit dat 
osteonecrose vaak voorkomt op jonge leeftijd bij actieve patiënten met een 
hoge levensverwachting is het van belang heupkopsparende chirurgie uit te 
voeren met het doel om secundaire degeneratieve schade zoveel mogelijk te 
reduceren, en het tijdstip voor het plaatsen van een totale heupprothese zolang 
mogelijk uit te stellen of zelfs te voorkomen.
In de loop der jaren zijn diverse behandelingsmethoden geïntroduceerd. 
"Core decompression" is de oudste techniek en werd in eerste instantie ook en 
vooral gebruikt als diagnosticum. Daarbij wordt met een holle boor vanuit de 
trochanter major naar het centrum van de heupkop een kanaal geboord, de 
botspaan verwijderd en histologisch onderzocht. Dit bleek bij een aantal 
patiënten te resulteren in een afname van de pijnklachten. Deze techniek lijkt 
vooral succesvol bij patiënten in een vroeg stadium van de ziekte, waarin nog 
geen inzakking van de heupkop wordt gezien. Deze "core decompression" kan 
gecombineerd worden het opvullen van het defect met gevasculariseerd of niet- 
gevasculariseerd autoloog of homoloog bot. Het opvullen met gevasculariseerd 
bot, zoals een fibulaspaan, blijkt voornamelijk effectief bij stadia waarin nog 
geen inzakking van de heupkop wordt gezien. De operatie is echter technisch 
moeilijk uitvoerbaar en een zeer langdurige procedure, patiënten mogen zes tot 
twaalf maanden niet belasten en er is een hoge incidentie van pijnklachten op 
de plaats waar het bot wordt gewonnen. Ook toepassing van niet- 
gevasculariseerde structurele botgrafts laat weinig hoopgevende resultaten zien
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bij patiënten in stadia waarin een inzakking van de heupkop wordt gezien. De 
toepassing van de intertrochantere- of flexieosteotomie in de behandeling van 
osteonecrose is beperkt. Voorwaarden voor de behandeling zijn dat een 
adequate patiëntenselectie wordt gedaan. De laesie mag niet te groot zijn en 
patiënten mogen geen hoge doseringen corticosteroïden gebruiken of gebruikt 
hebben. De resultaten van de behandeling van osteonecrose van de heup door 
de heupkop te vervangen door een totale heupprothese waren aanvankelijk 
teleurstellend. Oorzaken hiervoor waren de relatieve lage leeftijd van de 
patiënten, hun lange levensverwachting en inferieure botkwaliteit. Met name bij 
patiënten jonger dan 30 jaar waren de resultaten ronduit slecht. Echter, met de 
komst van betere cementeringstechnieken en verbeteringen in de ontwikkelingen 
van prothesiologie zijn de resultaten van totale heupprothesen voor de 
behandeling van osteonecrose duidelijk verbeterd.
In dit proefschrift worden een aantal studies met behandelingsmodaliteiten 
voor osteonecrose van heup en knie besproken. Uiteindelijk wordt een 
behandelingsalgoritme voorgesteld voor verschillende stadia van de ziekte.
In hoofdstuk 2 wordt de transtrochantere roterende osteotomie volgens 
Sugioka besproken. Deze osteotomie werd in 1972 geïntroduceerd door 
Sugioka met veelbelovende klinische resultaten. Het doel van deze prospectieve 
studie was om de radiologische en klinische uitkomst van deze osteotomie te 
onderzoeken bij westerse patiënten met osteonecrose van de heup. De goede 
resultaten van Sugioka konden echter niet gereproduceerd worden. De 
klinische uitkomst was slechts acceptabel bij 1/3 van de patiënten na 8.7 jaar 
follow-up. Er was radiologische verslechtering bij 88% van de patiënten waarbij 
een conversie naar een totale heupprothese werd uitgevoerd bij 65% van alle 
heupen. Verder werd een hoog complicatie percentage beschreven met een 
hoge incidentie van schroefbreuken, non-unions van de osteotomie en 
infecties. Concluderend kan deze techniek niet geadviseerd worden als 
behandeling van osteonecrose van de heup bij westerse patiënten.
In hoofdstuk 3 wordt de Bone Impaction Grafting methode als behandeling 
voor osteonecrose van de heup beschreven. Deze techniek is initieel ontwikkeld 
voor het herstel van acetabulaire en femorale botdefecten bij revisiechirurgie 
van totale heupprothesiologie, maar nu toegepast bij de behandeling van 
osteonecrose van heupen in zowel vroege als late stadia. De klinische resultaten 
zijn met name in de stadia voordat een inzakking van de heupkop wordt gezien 
veelbelovend. Er is echter geen preventie van progressie van degeneratie van het 
heupgewricht.
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De Bone Impaction Grafting methode is ook aangepast voor de behandeling 
van osteonecrose van de femurcondylen zoals beschreven in hoofdstuk 4. In 
een kleine groep patiënten met osteonecrose na het gebruik van corticosteroïden, 
zijn de resultaten na korte termijn follow-up acceptabel. Er is geen progressie van 
inzakking van het necrotische segment gezien en slechts minimale progressie 
van degeneratieve afwijkingen. Het plaatsen van een totale knieprothese in de 
toekomst lijkt door deze chirurgische methode niet te worden gehinderd, het 
gewricht wordt intact gelaten en een reconstructie van het botdefect wordt 
uitgevoerd.
In hoofdstuk 5 wordt de effectiviteit van de toevoeging van een calcium 
fosfaat cement aan geïmpacteerde bot grafts op het proces van remodellering 
en incorporatie in nieuw trabeculair bot onderzocht. Progressie van inzakking 
van de heupkop na het ontstaan van een subchondrale fractuur en daarop 
volgende artrose kan middels geïmpacteerde trabeculaire botgrafts alleen niet 
bereikt worden. In een geitmodel werd een groot subchondraal defect in de 
heupkop gecreëerd en opgevuld met geïmpacteerde trabeculaire botgrafts in 
combinatie met een calcium fosfaat cement. Calcium fosfaat cement wordt 
geresorbeerd tijdens revascularisatie en kan als matrix dienen voor nieuwe 
botopbouw, verder heeft het cement mechanische eigenschappen die kunnen 
zorgen voor directe ondersteuning van een subchondrale fractuur of inzakking 
en progressie hiervan kunnen voorkomen. Het onderzochte calcium fosfaat 
cement werd echter te snel geresorbeerd waardoor de incorporatie en 
remodellering in nieuwe trabeculair bot insufficiënt was. Het cement was 
biocompatibel, maar de osteoconductieve eigenschappen in het onderzochte 
model waren beperkt.
In hoofdstuk 6 worden de resultaten van totale heupprothesen na 
gefaalde behandeling voor osteonecrose van de heup beschreven. Twee 
groepen patiënten worden vergeleken, een groep patiënten bij wie een totale 
heupprothese werd geplaatst na een gefaalde transtrochantere roterende 
osteotomie volgens Sugioka. Bij de andere groep patiënten werd een totale 
heupprothese geplaatst na een gefaalde Bone Impaction Grafting procedure 
voor osteonecrose van de heup. Bij de patiënten bij wie een totale heupprothese 
werd geplaatst na een gefaalde Sugioka was sprake van een hoger 
complicatiepercentage (hoger revisiepercentage, meer heupluxaties en een 
hoger infectiepercentage), een significante langere operatietijd, significant meer 
peri-operatief bloedverlies en langere ziekenhuisopname, in vergelijking met 
patiënten na een gefaalde bone impaction grafting.
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Besluitvorming bij de behandeling van osteonecrose van de heup
Bij het maken van een behandelplan voor een patiënt met osteonecrose van de 
heup zijn een aantal patiënt specifieke factoren van belang. Dit zijn onder andere 
de leeftijd van de patiënt, algemene gezondheid en activiteitsniveau. Verder zijn 
de verwachtingen van zowel patiënt als dokter van groot belang. Specifieke 
aspecten van de osteonecrotische laesie zijn de locatie en de grootte van de 
laesie, verder is het stadium waarin de patiënt zich bevindt belangrijk voor 
verdere analyse van de behandeling. Bovendien is de oorzaak van de osteonecrose 
van belang, met name osteonecrose met als oorzaak corticosteroid gebruik heeft 
een algemeen slechtere prognose en dient tengevolge agressiever behandeld te 
worden. Heupkopsparende behandeling is met name geïndiceerd bij jonge, 
gezonde en actieve patiënten. Echter, zelfs in deze patiëntengroep geldt dat 
grote osteonecrotische laesies met inzakking van het subchondrale defect 
niet te reconstrueren zijn. Een algoritme is bijgevoegd met daarin een 
behandelingsvoorstel per stadium van de ziekte. Alle hierboven genoemde 
patiënt gerelateerde aspecten moeten hierbij meegenomen worden.
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